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PRODUCES TUBES FROM STEEL STRIPS 
OUTSIDE DIAMETER 16-76 mm. 
WALL THICKNESS I-3:3 mm. 


(DELIVERY EX STOCK) 


Agents for the U.K. 
RUSTONE LTD. Westcombe House, 56/58, Whitcomb Street, London, W.C.2 
Telephone. Whitehall 0778/9. Cables. Rustonelit London. Telex. 2—2166. 
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Spinning 


SAVES METAL 
- CUTS TOOL COSTS 


Dished and flanged ends Rotar- 
press spun by Harveys greatly 
facilitate the design and produc- 
tion of Pressure Vessels. They 
combine semi-ellipsoidal form 
with large knuckle radius. A sub- 
stantial reduction in plate thick- 
ness can be effected, and in most 


cases tool costs are eliminated. 
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‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad 


Steels and Non-ferrous Metals. The capa- 
city of the Rotarpress ranges from 5’ to 15’ 
diameter, and #” to 4” thickness. Knuckle 
radii and depth may be varied to meet indi- 


vidual requirements. 


Please ask for List No. BWJ 965 giving 


full range of sizes. 





G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7. 
Telephone: GREenwich 3232 (22 lines) 
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Taking the rough with the smooth... 


CARBOFLE-X DEPRESSED-CENTRE WHEELS 


Abrasive products by Hew -W a: wee Sem Bom ee | 


TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
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MILN 


Milne manufacture various types of cutting and pro- 
filing machines, flame hardening machines, etc., in 
addition to their well-known welding and cutting blow- 


pipes and regulators. 
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CUTTING and 
PROFILING 
MACHINES 
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The ingeniously designed ‘Vic’ automatic pipe 


profiling and bevelling machine (above) auto- 
az — a matically prepares pipes ready for welding. 
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The ‘Comet’ profiling machine (/eft) with 
electro-magnetic roller is of the elbow arm 
type permitting cutting in every direction. 
The ‘Creeper’ machine (bottom left) is de- 
signed for straight line and circle cutting and 
has forward and reverse motion. 


To provide a comprehensive welding service to meet all the varied 
requirements of the Engineering and Allied Industries we can also 
offer Electric-Arc and Resistance Welding Machines and Equipment. 


For full information and details write to: 


Cc.S.MILNE &COoO.LTD 


Manufacturers of Gas Welding and Cutting Plant and Equipment. 
Stockists and Suppliers of Electric Arc and Resistance Welding Equipment. 


Harley Works, Octavius Street, Deptford, London, S.E.8 
Telephone: TiDeway 3852 
Also at 172/174 West Regent Street, Glasgow, C.2 
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MARSTON EXCELSIOR in the Service of Industry 


Marston’s have unrivalled experience in the fabrication of — 4 Light Alloy Fabrication 


light alloys — of all shapes and sizes. Their products have % Specialised Engineering Assemblies 


earned a reputation for efficiency and reliability that is | % Laminated Plastic Components 


world-wide. * Flexible Tanks *% Radiators and Heat Exchangers 


This truck-container is designed 

to carry granular material of particle size 
approximately ,”. Special attention 

had to be paid to the fit of the door and 

the smooth finish of the interior. 

The body (}” plate ‘Kynal’ M 39/2) was welded by 
the argon arc and Argonaut processes. 


This 52’ tower weighs 10 tons and 

was fabricated in aluminium alloy by Marston 
Excelsior Ltd. — another example of the 
specialised products and comprehensive 
service that Marston’s provide. 


This radial sluice-gate is 6’ 6” wide 

and 6’ high. It is made of aluminium alloy, 

to minimise maintenance costs. To obtain 

a clean design free from any crevices where 
corrosion might start, the gate was welded by 
the argon arc process. It is believed 

to be one of the first examples in this country o! 
a radial sluice-gate in welded aluminium alloy. 


MARSTON EXCELSIOR LIMITED 


FORDHOUSES, WOLVERHAMPTON. Tel: Fordhouses 3361 


A subsidiary company of Imperial Chemical Industries Ltd.) 


BRITISH WELDING JOURNAL 








You’d be 
surprised 
MAPEL can 





Get the facts from 





MAPEL 
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... especially if you’re worried about the 
efficiency of your welding. 
MAPEL — acknowledged leaders in the field of 
Welding Inspection — have seen stub ends of electrodes, 
rusty pieces of bar, parts of rivets and evena 
full-sized chisel in faulty welds! Not that all welding 
faults are deliberate. Many are due to lack of 
knowledge and bad techniques. MAPEL have the complete 
answer — can supply skilled advice on the correct 
techniques, procedure and practice ... can train your 
welders to high standards .. . can test welds 
speedily by visual, radiographic and the latest 
ultrasonic means. 
Call in MAPEL for Welding Inspection — for corrosion 
survevs and leak detection, too. 


METAL & PIPELINE ENDURANCE LTD., 


Artillery Mansions, Victoria Street, London, $.W.1. 
Tel: ABBey 6056 "Grams: Metaldure, Sowest, London 


Divisional offices at Woolmer Green, Herts , also at Newcastle-on-Tyne and Glasgow. 
e 


AGENTS THROUGHOUT THE WORLD 








IGNITRONS 





BTH ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 





Maximum average* 
anode current 
(Amps.) 


Temperature 
control 


Maximum Demand* 
(kVA) 





450 
1200 -- 
1200 Integral 
1200 Clamp on 
2400 . 

2400 355 Integral 
_ . 
2400 355 Clamp on 

600 ‘ am 
¢ 42 600 . Integral 
BK 42B 600 - Clamp on 
BK 66 300 22-4 —- 

















* Ratings are for welder control service and refer to two valves in 
inverse parallel at any voltage from 250-600v. r.m.s. 


Rectifier types 
British Thomson-Houston manufac- 
. : > > of ignitrons in : — 
ture the widest range of ig _ Maximum peak voltage wae a current 
the United Kingdom—moreover all ) (Kilo volts) P nea wn ch 
; - (Amps.) 
BTH ignitrons are interchangeable 











sides BK 44 | | - 
with the corresponding American BK 46 150 
Whatever the job, from the BK 56 + ' 150 





types 
BTH lists you can select the right valve. 





t Tentative ratings 





Write for Leaflet 5851-8 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED ° LINCOLN ° ane 
on A.E.I. Company A 
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Nuclear Fabrications 


equipment for CLASS | weld dressing 


SPECIALLY DEVELOPED $.22 AND S.32 AIR GUNS 
TUNGSTEN CARBIDE OF HIGH POWER FOR 
ROTARY CUTTERS OPTIMUM PERFORMANCE 
FOR SPEEDS $.32 HAS SIDE EXHAUST 
UP TO 100,000 WILL NOT COOL HOT WELDS 


7?” The T.43 


The H.16 


PNEUMATIC, 
COMPLETE RANGE OF HIGH POWER, 


PNEUMATIC HAMMERS CONTROLLED SPEED, 
FOR DE-SCALING WELDS KNOT WHEEL BRUSHING TOOL 


B. 0. MORRIS LTD., BRITON ROAD, COVENTRY 


Telephone : 53333 (PBX) 
WILL BE GLAD TO ADVISE 


THE MODERN TECHNIQUE 
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Thos. Marshall construct—steel and copper 
fabrications of every kind, and every 

degree of complexity 

High class workmanship under strict 
supervision and control give finished products 
of high quality 


Lloyds Class 1 Fusion Welding—Robey 
welding—is exhaustively tested at every stage— 
in the laboratory, by X-ray, by rigid stage- 
by-stage inspection, by hydraulic and other 
methods. The keynote is safety, but this is just 
one aspect of our welded work. Delivery- 
on-time is another. Competitive pricing a 

third. And, not least, exact fulfilment of 


specifications. 


/ 


Things like this are taken for granted at 
Robey'’s—but they make a lot of 


difference for our many customers. 








& SON LTD. 








GALVANIZERS TO THE TRADE 
Wellington Bridge, Leeds 12. 
(Tel: 32186~— 5 lines) 


Grams: Cisterns, Leeds 12 


ROBEY 


OF "LINCOLN 








Robey & Co. Ltd. Lincoln 
8 


London office: 11 Princes Street, Hanover Sq., London, W.1 
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_GASES FOR 


More and more big projects are making use of 
the Saturn service for gases and equipment. 
Pyrogas, Nitrogen and Argon (Super purity 
and commercial grades) and B.G.T. equip- 
mentare distributed throughall our branches. 
Three new models of the Saturn-Hivolt surge 
injector argon arc welding units are also now 
available. Ask your nearest Saturn Branch 
for details of our delivery and maintenance 
services. 


Contractors to: ADMIRALTY, MINISTRY OF SUPPLY, U.K. ATOMIC ENERGY AUTHORITY 
AUSTRALIAN ATOMIC ENERGY AUTHORITY, NATIONAL COAL BOARD AND BRITISH RAILWAYS, 
BRISTOL SIDDELEY ENGINES LTD., FERRANTI LTD., HAWKER SIDDELEY NUCLEAR POWER CO. LTD., 
HEAD WRIGHTSON (TEESDALE) LTD., THE PLESSEY CO. LTD., ROOTES GROUP 





SATURN INDUSTRIAL GASES LTD 





Gordon Rd., Southall, Middiesex. Tel: Southall S611. 


Branches: GLASGOW, ALDRIDGE, MANCHESTER, SHEFFIELD, LYMINGTON, 
SUNDERLAND, THORNABY-ON-TEES 
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courtesy of Quasi-Arc Limuted 
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Photograph tllustrating the FUS AR‘ 


The use of low pressure CO) gas as an inert shield in 
the welding of steels is increasing. CO, is not only 
cheap — it enables high quality welds to be made in 
the shortest time. 


Where automatic welding machines have been specially 


modified to use this technique, the simplicity, ease of 
slag removal and high speed of welding have been 
found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 


to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO, to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO) arc welding. 
Single 28 Ib. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 
of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO, is also available in solid 
form for use with ‘Cardice’ Converters. 
1// enquiries for further information should be addressed to Bulk liquid can be pumped direct from the Company’s 
THE DISTILLERS COMPANY LIMITED road tankers into customers’ static tanks (of capacity 
1} or 6 tons) without interrupting the flow of CO, 


to the operators. 
Devonshire House, Piccadilly W.| 


Telephone : Mayfair 8867 





Depots and Branches throughout the U.K. 
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BICC 








CABLEMAKERS IN THE UNITED KINGDOM 


British Insulated Callender’s Cables Ltd. 


21 BLOOMSBURY STREET, LONDON, W.C.1 


Connollys (Blackley) Ltd. (Cables Division) 
MANCHESTER, 9 


W. T. Glover & Co. Ltd. 


TRAFFORD PARK, MANCHESTER, 17 


The Metropolitan Electric Cable & Construction Co. Ltd. 
CLYDE WORKS, CHADWELL HEATH, ESSEX 


St. Helens Cable & Rubber Co. Ltd. 


SLOUGH, BUCKS 


The Telegraph Construction & Maintenance Co. Ltd. 
MERCURY HOUSE, THEOBALDS ROAD, LONDON, W.C.1 


cables 


at compettive 
prices‘ 








RUBBER 
PLASTIC 
PAPER 
MINERAL 


Price Lists mailed direct to you on application to any of the above Companies 





Prompt deliveries from 8&9 Branch Offices or from your regular wholesaler 


Technical Advisory Service by Qualified Engineers 
JUNE, 1959 
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B 0 ‘A ‘C takes good care of you 


—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 
accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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FROM BRITISH OXYGEN FOR BRITISH INDUSTRY 


—_ 








===} ----~ 


Cutting Heating Flame Cleaning 


Sensational Saffire 4 blowpipes in1 


Recently introduced, the Saffire Combined Outfit has 
achieved outstanding success and widespread use in 
industry. 
Ihe Saffire, virtually 4 blowpipes in 1, is extremely 
efficient and economical in use. Here is a precision 
tool that has helped boost production for many thou- 
sands of users. 
Buy the whole Saffire Outfit or just the common shank 
with the heads you need. Just consider how the Saffire 
Combined Outfit can increase your own production 
range and efficiency! 

Common Shank 

to which any of 


these biowpipes 
can be fitted 


() BRITISH OXYGEN 


British Oxygen Gases Ltd., industria! Division, 


Spencer House, 27 St. James's Place, London, S.W.1. 
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Strength 
with 
speed 


HERMEES ’ 
electrodes 


for 
Great strength and amazing speed, characteristics 
HEAVY SECTIONS of the rhinoceros, are outstanding qualities of 
RESTRAINED JOINTS ‘ENGLISH ELectric’ HERMEES electrodes. The iron 
powder coating gives high deposition rates, ease of opera- 
HIGH TENSILE STEELS 


tion and quick deslagging. 
CARBON & ALLOY STEELS 


Send for publication WA/141 to: 
The English Electric Co. Ltd., Welding Electrode Division, 
Clayton-le-Moors, Accrington. Telephone: Accrington 3241. 


ENGLISH ELECTRIC 
welding electrodes and equipment 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD - PRESTON + RUGBY + BRADFORD + LIVERPOOL * ACCRINGTON 
WAE.27 
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MGB 400 Quasi-Arc 0 A 
MOTOR GENERATOR SET 
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Arc D. 


Quas 


Specially suitable for on-the-site use. 
Maximum current range 


Wide range 


ENGINE-DRIVEN SETS 


MOTOR GENERATORS 


METAL RECTIFIERS 


construction for reliability in all conditions. 


Strong 
Models with maximum currents from 175 to 750 amps. 


ling fan, therefore 


No moving parts, except for small cc 


negligible 


250-600 amps. 


of petrol and diesel engines fitted as 


maintenance 


standard. Alternative engines can be supplied. 


B 400 set 

Push-button automatic 
giving excel- 

> conditions to 


te static excitatior 


of the new design of the MC 
20 amps 
starter; separ 


rent range 40-4¢ 
delta 


cu 


Special features 
sta 


ontrois 


nges, with selection 


ial remote c 


urrent r 


and exceptionally stat 


infinitely variable 
safe and optio 


by simple, 


High efficiency 


Wide, 


Electric starting and fuel-saving idling device. 


1 


dynamic character 


all types 
g¢; independent 


maintenance reduced to 
extremely easy. 


len 
sui 
rar 


Choice of undergear to give required degree of mobility. 


Generators can be supplied separately 


ng made 


Suit voltage 
selecuon ; 


servic 


urrent and voltage 
a minimum and 


of electr 


oad current 
or manual welding 


osts because of small no-] 
amps 


Current range up to 600 
for automatic welding 


amps 


Low running c 


120 


world leaders in arc 


Arc Limited, Bilston, Staffordshire 


weldi. Zz Quasi- 





TEXOLEX PROTECTS 


The Texolex safety helmet and welding mask provides the welder 
with adequate protection against occupational risks. It com- 

prises a high dome, cap type model No. 11 heavy-duty Texolex 
helmet, fitted with a swivelling and detachable one-piece 

fibre welding mask. It has two positive stop positions 

down for welding, up for viewing — and is fitted with a 

shock resistant, non-arcing glass holder, a 

4}x3} inch, tinted lens to B.S. 679:1947, 


and clean cover glass 


Spare lenses and cover glass available, 


4} x2 inch tinted lens can be supplied. 


MALCOLM CAMPBELL cp.astics) LIMITED 


5 GREAT JAMES STREET LONDON W.C.1. Tel: HOLborn 5623 & 0931 





SPENCER WIRE SPENCER WIRE SPENCER WIRE 


Specify 
‘‘HUMBER” or 
‘‘OUSE”’ 


quality 


JWIM WIIN|AdS 


JYIM BWIONIS 


Recognised for many years 
as first-class wires for 
electric arc welding electrodes 


JYIM WIONIAdS 


"“WIONIdS 


THE 
Write or telephone for further information Ss a & ad Cc e 34 W i R b 
MPAWN Y M r ea e WAKE F f 


» WAKEFIELDGII! es) + Teleg » SPENCER WAKEFIELD TELE X 
55,160 


DaW5S9BW 
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MULTI-STAGE REGULATOR 


For fine control and absolute 
consistency of outlet pressure 


40-LINE REGULATOR SINGLE-STAGE REGULATOR 


For use with pipelines. A sensitive, accurate single- 


Stage regulator for general use. 


Answering the need of industries where accurate and reliable 
pressure control is essential, B.1.G. Regulators are precision built 
instruments which can be used with confidence. 


These hand-built Regulators will ensure constant flow of required 
volume through the full range of outlet pressures, irrespective of 
pressure drop in cylinder or pipeline, and are available for 

use with the majority of industrial gases. For precision 

pressure control insist on B.I.G. Regulators. 

Descriptive leaflet available. 

If you have a problem B.I.G. technical staff 

will be pleased to help. 


British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





<a> 


NAPSOR Sales and Technical Assistance available in most areas 
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This new Booklet... 


. gives full information on 
methods of joining Wiggin high- 
nickel alloys. It includes detailed 
recommendations for Monel, 
nickel, Inconel, Corronel B, 
the Nimonic series of high- 
temperature alloys and _ the 


Brightray series of electrical 





resistance materials 


ee 


Copies will 
gladly be sent 
on request 
‘ —— 


is AEN Wee co, 


=~ To: Henry Wiggin & Company Limited, Publications I YL) 
Department, Wiggin Street, Birmingham 16 | MiT ED 
hm 16 





Please send me a copy of ‘ Welding, Brazing and Soldering of Wiggin Nickel Alloys Publication No. 954 


Name 


Appointment ¢ 


Company 











BRITISH WELDING JOURNAL 





THE 
INSTITUTE OF WELDING 


54 Princes Gate, London, $.W.7 


a 
COUNCIL and OFFICERS 
PRESIDENT 
J. STRONG 


VICE-PRESIDENTS 
E. SEYMOUR-SEMPER G. ROBERTS 


PAST-PRESIDENT 
Sin CHARLES LILLICRAP, K.C.B., M.B.E. 


HONORARY TREASURER 
W. E. Harriss 


Chairman of Executive Committee: R. E.G. WEDDELI 
Representatives of Industrial Corporate Members 

E. V. BEATSON J. A. MCWILLIAM 

E. F. BuURFORD, M.B. E. S. WADDINGTON 


C. Humpurey Davy Dr. R. Weck 


Representatives of Fellows, Members, and Associate Members 


BRITISH WELDING RESEARCH 
ASSOCIATION 


29 Park Crescent, London, W.1 


+ 


COUNCIL and RESEARCH BOARD 


PRESIDENT 
Sm CHArRLes S. LILLICRAP, K.C.B., M.B.E. 


CHAIRMAN OF COUNCIL 
A. Ropert JENKINS, J.P. 


HONORARY TREASURER 
W. E. Harriss 


Members of Council 


V. W. CLACK 

F. CLARK, M.B.E. 
J. A. DorRAT 
E. FLINTHAM 

E. Fucus 


S. H. GRIFFITHS 
Dr. N. Gross 
T. McIver 

H. MARTIN 

F. A. PARTRIDGE 


E. P. S. GARDNER E. SeEYMOUR-SEMPER 


Representative of Companions 
J. HOOPER 


Representative of Associates 
J. R. Lewis 


Chairman of B.W.R.A. Council: A. Ropert JENKINS, J.P. 


Chairmen of Standing Committees 
Education Committee Dr. E. F. Gipss 
Finance Committee C. HUMPHREY Davy 
Membership Committee R. G. BRAITHWAITE 
Programme and Publications Committee J. F. LANCASTER 
School of Welding Technology Committee E. SEYMouR-SEMPER 
Technical Committee J. A. Dorrat 


Representatives of Branches 
W. R. HARPER 
A. H. SCOTHERN 
East of Scotland J. F. WHEELDON 
Eastern Counties J. EDWARDS 
Leeds R. GARDENER 
Liverpool G. A. O. PRIDGEON 
Manchester J. M. WHITWORTH 
North Eastern (Tees-side) J. W. JACKSON 
North Eastern (Tyneside) W. R. MELLANBY 
North London J. V. THOMAS 

. R. THATCHER 
Preston F. PILLING 
Sheffield . A. JENKINS, J.P. 
Southern Counties . H. GILLESPIE 
South London r. M. C. NICKSON 
South Wales . B. Forp 
South Western . J. FRANCIS 
West of Scotland D. M. Kerr 
Wolverhampton M. R. LipprattT 


Birmingham 
East Midlands 


SECRETARY 
G. PARSLOE 


JUNE, 1959 


Pror. G. WESLEY AUSTIN, O.B.E. 
Sir DONALD BAILEY, 0O.B.E., J.P. 


Pror. J. F. BAKER, O.B.E., F.R.S. 
Dr. R. BEECHING 

D. J. W. BoaG 

J. BROWN 

Dr. T. W. F. Brown, c.B.E 
H. G. CONWAY 

C. HUMPHREY Davy 

T. M. HeRBERT 

E. J. Hie 

F.C. S. L. Lewin-Harris 

H. PEARSON LosniTz 

Str ANDREW MCCANCE, F.R.S. 
RICHARD MILEs 


J. MITCHELL, C.B.E. 

Pror. Sir ALFRED PUGSLEY, 
O.B.E., F.R.S. 

L. ROTHERHAM 

R. B. SHEPHEARD, C.B.E. 

C. M. SPIELMAN, 0O.B.E., M.C. 

T. STEVENSON 

J. STRONG 

J. H. N. THOMPSON, M.c, 

Lt.-Co x. J. F. TODHUNTER 

W. T. TOWLER, J.P. 

Dr. M. A. VERNON 

Dr. E. G. West 

J. M. WILLeY 


Research Board 


Dr. E. G. West (Chairman) 

Dr. N. P. ALLEN, F.R.S. 

Pror. G. WesLEY AUSTIN, 
O.B.E. 

Pror. J. F. BAKER, O.B.E., F.R.S. 

Pror. J. G. BALL 

W. BARR, 0O.B.E. 

Dr. J. S. BLam 

Dr. N. Booru 

E. Fucus 

E. P. S. GARDNER 


A. H. GoopGer 

Dr. Nico, Gross 

Dr. H. Harris 

A. Ropert JENKINS, J.P. 
Dr. W. L. PUMPHREY 
Dr. L. Reeve 

G. ROBERTS 

Pror. E. C. ROLLASON 
Dr. H. SuTTON, C.B.E. 
J. TURNBULL 

Dr. J. H. WEAVING 


DIRECTOR OF RESEARCH 
Dr. RICHARD WECK 


SECRETARY 
A. O'NEILL 





DENIC ONION 


LINGOLN ELECTRIC CO LTD 


WELWYN GARDEN CITY HERTS - Welwyn Garden 920/4 4581/5 





BRITISH WELDING JOURNAL 


OFFICIAL JOURNAL OF THE INSTITUTE 


OF WELDING AND THE BRITISH WELDING RESEARCH ASSOCIATION 


Incorporating the TRANSACTIONS of the Institute and WELDING RESEARCH 


JUNE 1959 
Volume 6 Number 6 


Subscriptions 

Members free: 

Extra copies at 7s. 6d. each 
Non-Members: 

£5 per annum 

Single copies 10s. each 


Published Monthly 


Editor-in-Chief: G. Parstoet, M.A. 
54 Princes Gate, London, S.W.7 
(Knightsbridge 8556) 


Executive Editor 

C. ROWLAND HARMAN, B.Sc. (Eng.) 
Editech 

6 Ridge End, Hook Hill Lane 
Woking, Surrey 

(Woking 2981) 


Advertisement Offices: 
4 Grosvenor Gardens, London, S.W.1 
(Sloane 0063) 


Note: Editorial contents copyright. The Institute 
of Welding and the British Welding Research 
Association do not hold themselves responsible 
for statements made or opinions expressed 

in articles appearing in this Journal. 


CONTENTS 


INSTITUTE OF WELDING 
Sir William J. Larke 
Discussion at the Autumn Meeting 1958 


Welding and the Draughtsman 
By H. B. Merriman 


The Welding Exhibition 


BRITISH WELDING RESEARCH ASSOCIATION 


Hot Cracking of Mild Steel Welds: Final Report on 
High-Temperature Tensile Tests By P. W. Jones 


An Investigation of Hot Cracking in Low-Alloy 
Steel Welds By P. W. Jones 


NEWS AND ANNOUNCEMENTS 


CURRENT WELDING LITERATURE 





The Institute of Welding 


A 


6 
Xe 


\ 
ae 


f\ 

“iy 54 Princes Gate, London S.W.7 
s 

$ 


7 
OBuUs 


British Welding Research Association 29 Park Crescent, London W.1 


JUNE, 1959 





GAS INSULATED 
INDUSTRIAL X-RAY UNIT 


Easily transportable 
Better definition eer eee on camel 
Low weight 


of United Steel Structural Co. 
(approx. 250 Ib) 


Increased radiographic output and 
greater mobility for industrial use— 
from factory to open constructional 
sites—are provided by the new 
Raymax 150 which is the first gas- 
insulated industrial x-ray unit ever 
produced in Britain. Its safe and 
efficient use of an inert gas results in 
a unit which is only half the weight 
of conventional oil-insulated equip- 
ment. High voltage cables, rectifying 
valves and associated filament trans- 
formers are all entirely dispensed 
with. The high loading and efficient 
cooling of the earthed target with the 
self-contained water cooling system 
provided by the Raymax 150 all 
contribute to better radiography, 
simpler operation and lower main- 
tenance costs. 


For open site or factory use 


Two types of x-ray tube are available, the NVI 400 with line focus for fine detail 
Further details of the Raymax 150 and its at shorter distances, and the NVI 450 which offers the advantages of 360° radio- 
accessories will be supplied on request. graphy of circumferential welds. Mounted on a gantry stand, the new mobile 
Raymax 150 can be manoeuvred horizontally or vertically into any chosen position, 


Newton Victor Limited 


132 Long Acre - London - W.C.2 


X-Ray Sales Department of @VaR Xe felGR rT Gale 4: RS 


AFFORD PARK MANCHESTER 


An A.E.1. Company 





V/X702 


BRITISH WELDING JOURNAL 





LARKE, kK.B.E. 


SIR WILLIAM J. 


187$—1959 


IR WILLIAM JAMES LARKE, 


his eighty fourth birthday, 


who died on 29th April, a few days after 


held a unique place in the minds and hearts 


of members of the Institute and the British Wek ling Research Association, 


to both of which he gave nearly a quarter of a century of eminent service 


It was in 1936, 


when he was Director of the National Federation of lron and 


Steel Manufacturers, that Sir William, de eply convinced of the national im 


portance of research in welding, accepted a Vice-Presidency of the Institute 


and the Chairmanship of its Technical Development Committee. 


national Welding Symposium of that year, 


convened by The 


The inter 


Iron and Steel 


Institute and supported by all the leading engineering Institutions, had formu 


lated a programme of fundamental welding research. The 


task to which Sir 


William addressed himself was to transform the Institution of Welding E ngineers, 
a twelve-years-old institution with well under 1000 members, into an effective 


instrument for the organization of research 
Institute the support of other leading engineers, among them 
Sir Alexander Gibb, 
financial backing from industry and a grant from the Depart 
ment of With the late 
Mr. A. , the Institute was set on 
its new course, 


who became its President, and secured 
Industrial Research. 


Ramsay Moon as its Secretary 


Scientific and 


attracting to its membership and to service on 
its Research Committee engineers and metallurgists with the 
foresight to see some way into the future of processes most 
generally re; garded with suspicion by their contemporaries. 

In 1937 Sir William 


Institute 


succeeded Sir Alexander Gibb as 


President of the and so began the Institute’s longest 


and probably most onerous Presidency, lasting five years and 


covering the removal of the 


Institute’s ofhces from Victoria 


Street Buckingham Palace Gardens, the 


outbreak of war, 
the virtual suspension of normal Institute activities between 
1939 and 1942, and the transfer of Moon, 
Secretary and Director of Research, to organize the Welding 
Advisory Service of the Ministry of Supply. : 


Ramsay then 


With the fund raised to mark the Institute’s gratitude for his 
Presidency, Sir William endowed the Medal which bears his 
name, the premier aw ard of the Institute. 

The demands of war on the welding processes proved how 
far-sighted had William’s welding 
research and e mphasized the ins adequacy of the provision made 
for it. The Department of Scientific and Industrial Research 
pressed for the separation of the Welding Research Council 
from the Institute and its 


been Sir advocacy of 


transformation into a Research 
Association independent of the professional body. So the 
British Welding Research Association came into bei sing in 1946, 
with Sir William Larke as its first President and Mr. 


Ramsay 
Moon as its first Director of Research 


. Sir William remained 


. His influence won the reconstituted 


the very active President of the Association until four years 
ago, and until last year continued to put at the disposal of the 
Institute and the fruits 


Association the ripe of his long and 


distinguished career as an engineer and administrator. He 


served on the Committee to which the Institute’s Council 
entrusted the formulation of its future policy in 1956, and 
its recommendations owe much to his advice. 

On the occasion of his eightieth birthday, in 1966, the 
Institute conferred its Honorary Fellowship on Sir William 
and with the British Welding Resear h Association organized 
a luncheon, with Sir Claud Gibb in the Chair, to do him 
honour. In the illuminated address then presented to him, the 
two bodies justly recorded their debt to his long leadership 
and the debt which the nation owes him for his timely grasp 
of the significance of the welding processes. 

In his speech at the luncheon Sir William quoted, as ex 


pressing his own mind, the prayer 


‘*Lord, give me work till my life shall end, 
and give me life till my work is done.’ 


A man of his forward-reaching mind would perhaps always see 
some task waiting for his hand, but all who were privileged to 
know him will be thankful that he found so much to claim his 
interest and his energy for so long. His wife died on toth 
January last, after a long illness and in the sixtieth year of their 
marriage. Those who knew with what devotion he cared for 
her in the years of weakness and suffering may feel that for him 
perhaps bx th parts of his prayer were granted. 

Our sympathy goes out to his son, Mr. W. M. Larke, his 


daughter, Miss J. Larke, and to all his family. 





Autumn Meeting 1958 


The Autumn Meeting of the Institute of Welding was held in London from Wednesday 
to Friday, Sth to 7th November 1958, commencing with the Annual Dinner at the 
Park Lane Hotel on the evening of 5th November. 

There were four technical sessions held at the offices of the Institute on the Thursday 
and Friday, for the presentation and discussion of papers. The Chairman at the first 
session was the President, Mr. J. Strong. The Vice-President, Mr. E. Seymour-Semper, 
took the chair at the second session. The Chairman at the third session was Professor 
G. Wesley Austin, and at the fourth Dr. E. G. West 

The Presidential Address (see December 1958 issue of the Journal) was delivered by 
Mr. Strong at the opening of the Thursday morning session, a vote of thanks being 


proposed by Mr. Seymour-Semper 


Development of the Tungsten-arc Cutting Process* 
By R 1 Cresswell 


Mr. A. R. Moss (Ministry of Supply, Fort Halstead): 
The section on “Economic Considerations” omits the most 
Significant factor—that users of tungsten-arc cutting 
equipment may have to pay a high royalty for the shielding 
gas used, and may also be subjected to a severe licensing 
agreement. If this is not correct would the author please 
state the present terms? If it is basically correct, widespread 
use of the process will be restricted and welding engin- 
eers and scientists may have to examine the patent literature 
more thoroughly and also think twice before publishing 
their results 

The value of the paper would have been enhanced by the 
inclusion of references to some of the early work on con- 
stricted-arcs, to fundamental researches and to patents 
For example, to the important American patent applica- 
tion No. 524,353 (1955) and final patent No. 2,806,124 
(1957) 

Groups of workers in Great Britain have been engaged 
on plasma-jets, constricted-arcs, and similar researches for 
some time and several different electrical-discharge devices 
have been developed. An early device developed in the 
Ministry of Supply is shown in Fig. A. This is a 100 KVA 


* Brit. Welding J., 1958, vol. 5, p. 346 


t torch developed at Ministry 


of Supply 


model designed for manual operation and is suitable for 
cutting metallic or non-metallic materials; adjustments to 
current, etc., may be made from the built-in control panel. 
Certain cutting operations are facilitated by passing a 
portion of the gas through a central electrode containing a 
fine hole. 


Would the author please state: 


(i) In what fundamental manner does his arc torch 
differ from the American model? 

(ii) Can oxygen-rich gas mixtures be used? 

(iii) Which method was used for detecting nitride? 

(iv) What are the advantages and disadvantages, for mild 
steel, of tungsten-arc cutting compared with oxy- 
acetylene cutting? 

(v) What nozzle diameters were used and what were the 
kerf widths corresponding to the plate thicknesses 
given in Tables 1 and 2? 


Author's Reply 


Dr. Cresswell (in reply): The economic considerations in 
my paper are general and do not refer to such matters as 
the patent situation and royalty payments. I would refer 
interested parties to the commercial side of my organiza- 
tion for such information. 

The paper set out to outline the developments in which 
I was concerned personally and not to cover much history. 
The constricted arc is by no means novel and was brought 
to notice by the work of Gerdien in 1922* and has been 
the subject of a number of patent applications. One of 
these, British Pat. No. 391,422 by Wist (void) dates back 
to 1930. In recent years the various aspects of constricted 
arcs have been revived and studied by workers in Great 
Britain and many other countries, particularly the U.S.A. 

I would reply to Mr. Moss’ final five queries as follows: 


(i) The present torch, although of British design, does 
not differ fundamentally from the American torches. It 
uses a pilot arc to aid arc striking and a water cooled 
copper replaceable nozzle. 

(ii) Oxygen-rich gas mixtures cannot be used to replace 
the nitrogen/hydrogen gas because of the obvious detri- 
mental effect of severe oxidation of the tungsten electrode. 
*H. Gerdien and A. Lotz: Wiss. Veroff. Siemens-Konz, 1922, 

vol. 2, p. 489; 1935. vol. 14, Pp 25 
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(iii) Metallographic examination of the metal near the 
cut surface and of weld metal after welding revealed no 
evidence of nitride. The cut surfaces of aluminium are 
perfectly clean, and no observable oxide or nitride film 
can be seen. 

(iv) Comparison between oxy-acetylene cutting and arc 
cutting of mild steel involves two main factors, surface 
quality and speed of cutting. It is difficult to achieve a 
perfectly square dross-free bottom edge with arc cutting, 
and so gas cutting scores here. On intermediate thicknesses, 
are cutting is faster but can be used only up to a thickness 
of some 3 in. Arc cutting may compete economically on, 
say }-1 in. thick material but would only be attempted if a 
good enough edge could be achieved. Kerf widths with arc 
cutting are wider than with oxy-acetylene. 

(v) The nozzle diameter used throughout the trials 
referred to in Tables I and II was 4 in. Kerf widths were of 
the order of } in. at the top and ; in. at the bottom of the 
cut 


Developments in the Inert-gas Tungsten-Are Fusion 
Spotwelding Process* By F. W. Copleston and L. M. Gourd 


Mr. J. A. MeWilliam (Firth-Vickers Stainless Steels 
Ltd.): | confirm the importance of good contact between 
the mating surfaces to be welded, for I have found that if 
insufficient pressure is applied the weld is not very good. 

Should the thickness on which the test welds were made 
be ;% in. and not } in. (p. 396)? In Fig. 7 the complete pene- 
tration is shown at about 0-190 in. or about } in.. 

The welding of 16 s.w.g. stainless steel to {-in. thick mild 
steel is a very interesting application. Was the material the 
same 18/8 niobium-bearing steel referred to in other parts 
of the paper? Another question is whether there is any 
dilution from pick-up of the mild steel backing in the fused 
zone, for the carbon content may sometimes run up to 
0-25 %. 

Any such dilution would reduce the resistance to cor- 
rosion of the spots, and I suggest that the welding of a 
second 18/8 Nb sheet on top of the first might be considered. 
This could be rather thinner than the first—16 s.w.g. as 
shown for the first one and 20 s.w.g. for the second one. 
The 20 s.w.g. thickness would also have the advantage of 
increased flexibility in a vessel that was subject to a con- 
siderable temperature range. 


Mr. B. E. Dorey (British Welding Research Association): 
In Table I, | note that the average spot diameter for com- 
parable weld strength is smaller for tungsten-arc spot- 
welding than for resistance welding. I assume, therefore, 
that the tests were made under identical conditions. But is 
the quoted average argon spot weld diameter measured at 
the top surface of the weld, or is it the nugget size? 

Could the authors also explain why these weld strengths 
are higher, particularly in the 16 s.w.g. size where the argon 
spot appears to be very much stronger than the resistance 
weld? 

In Fig. | what is the significance of the light coloured 
lines or rings which have formed at right angles to the 
dendrites? Are they associated with the crater-filling 
sequence? 

It is encouraging that the authors have emphasized the 
importance of electrode end profile and arc length. In the 
early development of this work, on which | was engaged, it 
was found that this type of arc is very easily deflected if the 
hot spot on the electrode is not at the very tip. For rapid 
and accurate striking the are must initiate from the extreme 
tip of the electrode and not somewhere up the side. 


* Brit. Welding J., 1958, vol. 5, p.394 
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It was also found that the argon flow is very critical. Too 
great a flow will make arc initiation difficult because of 
turbulence and excessive cooling. Too small a flow will 
provide insufficient shielding. 

In some American literature it is advocated that both 
grinding and subsequent polishing of the electrodes will 
help to increase the striking ability and also ensure longer 
life for the electrode. 

In regard to crater filling, there is a very strong arc 
force when welding at the full current, which will tend to 
form a crater. As the current is reduced, the arc force on 
the molten metal is considerably reduced, thereby allowing 
the pool surface to rise. 

The remarks on p. 396 concerning duty cycle or arcing 
time factor are perhaps a little misleading as regards 
equipment. If the authors mean that by using a higher 
current per spot it was possible to produce a greater 
number of spots per minute, | would agree. 

In Mr. Waller's paper the rectifier plant is quoted as 
having a maximum continuous hand welding current of 
115 amp. Then it would be seriously over-run at 180 amp, 
unless there is a considerable pause between each spot 
weld to ensure that the arcing time factor is well below 
7a oe 

I assume that a smaller bore argon shield results in a 
deeper penetration into the sheet material and vice-versa. 
What is the practical minimum diameter of shield, and 
therefore how close is it possible to approach a corner or 
edge of a sheet? Also, how closely is it possible to place 
adjacent welds with this process? 


Mr. S. G. Nash (Bristol Aircraft Ltd). wrote: The 
authors are to be congratulated on a very succinct account 
of the latest developments in this method, given at what is 
still a relatively early stage in the state of the art. It might 
be of interest to recall that interest in it at Bristol Aircraft 
was actually initiated by the necessity to make the structural 
models that Mr. Copleston described, with their very 
limited access and required high standard of dimensional 
accuracy and external finish. No other method of con- 
struction offered the same flexibility in application. At 
Bristol Aircraft the process is known by the more utilitar- 
ian—if less euphonious—title of “‘puddle welding”! 

In the section on “Operating Conditions” perhaps a 
little more emphasis might have been laid on the mainten- 
ance of correct form of the electrode, together with current, 
time and arc-length, as one of the major parameters 
controlling consistence, if not quality as well. In initial 
preparation of the electrodes, machine grinding is well 
worth while, if not essential, to achieve accuracy, particu- 
larly in respect of concentricity, and so is the provision of 
gauges for electrode form and setting. 

While the results for arc-length effect are not questioned 
as they stand in Fig. 5, one would like to ask the lecturers 
to essay some further explanation, and whether the signifi- 
cance of the effect might not be better expressed by plots 
of interface area and penetration of weld against arc- 
length. Greater penetration, one feels, does not necessarily 
mean higher shear values, because differences of weld form 
can intervene, especially with dissimilar thicknesses and 
materials. Usually the long arc gives a flatter form of 
puddle, but one questions whether the interface is always 
less. 

Perhaps a more complete assessment of arc-length 
effects will be possible when more results have accrued. 
Meanwhile, would Mr. Copleston agree that one can have 
all of the forms of weld as shown in Fig. A? 

On the effect of electrode shape, Bristol experience would 
suggest that, after a very few welds, the penetration from 
electrode shape D would be greater than that from shape 
B. For long life under normal conditions, our preferred 
electrode form has a 10° inclusive angle with a radiussed 
tip. Only under the abnormal condition of extremely long- 
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time cycles for each weld do we prefer to use a truncated 
electrode, with 45° included angle, to achieve a longer 
electrode life. 

Bristol experience with 2°, thoria electrodes has been 
satisfactory, but it is believed that there was some American 
experience of disintegration after short runs at high 
currents, on a.c. argon-arc welding. Have the authors any 
reservations of mind on this score with this method? 

On shield design, one wonders if it is really the shroud 
bore that is affecting the penetration, or could it be the gas 
pressure? Pressure certainly can have a powerful effect on 
weld shape in displacing the metal from the weld centre, 
giving a sunk or dished shape, and, if high enough, even a 
blow-out. This could well be a progressive effect, the dis- 
placement of the molten metal from the weld centre 
starting with the initial current surge, giving thereafter less 
thickness to be welded during the remainder of the weld 
time cycle 

Finally, one looks forward to hearing from the authors 
on some future occasion, about their further development 
experiences, perhaps on a wider range of materials than 
those they have reported so far. 


Authors’ Reply 


Mr. Copleston and Mr. Gourd (in reply): We would 
agree with Mr. McWilliam that the question of interface 
contact is of prime importance in the production of sound 
welds. It is not sufficient to rely on the manual, or in special 
cases mechanical pressure, applied by the torch, to bring 
the two surfaces into contact. The forming or preparation 
of the components must be such that the surfaces will come 
together without undue pressure. Attention to this feature 
will be repaid by the consistency of the results obtained 
from the process. 

The material used for cladding the mild steel was 18/8/1 
stainless steel, and we would agree that the use of a backing 
strip of similar material would reduce the dilution other- 
wise obtained. The degree of dilution obtained will depend 
to a great extent on the type of weld required to give 
mechanical properties suitable for the application. 

When comparing the results quoted in Table I, it should 
be noted that the resistance weld figures are minimum 
values and could be increased by alteration of the nugget 
diameter. The diameters quoted for the argon-arc spot- 
welds were measurements of the weld nugget. 

The ‘ghost rings’ seen in Fig. | are a typical macro- 
phenomenon and do not appear under high magnification. 
They are associated with the cooling cycle but cannot be 
directly related to the type of current decay system em- 
ployed. 

Mr. Dorey and Mr. Nash quite rightly draw attention 
to the importance of correct electrode preparation and the 
maintenance of the optimum form. We agree that every 
care should be exercised in the grinding of the electrode 
and are aware that the use of excessive current may melt 
the electrode end 
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Shield design will in most instances be dictated by the 
position and degree of access to the weld. In all the work 
reported gas flow was kept constant, and any increase in 
penetration at constant weld conditions could be attributed 
to the increased gas pressure. Severe restriction of the bore 
of the shield will result in changes in the arc plasma itself 
and may radically alter the shape of the weld. 

It is not essential to have an annular shield, for if the 
electrode and weld pool have adequate gas protection the 
electrode may be brought closely to any flange or adjacent 
component. 

The effect of variations in arc length may produce weld 
forms as shown by Mr. Nash in Fig. A, but ideally a 
parallel-sided nugget is desirable. However, the weld 
geometry will be dictated by the type of joint required for 
each application, and arc length considerations may well 
be less important than those of current and time. 

The equipment used in the work described would not 
be used commercially but a power source having a con- 
tinuous rating of 200 amp would be recommended. 


New Developments in Arc Welding Processes and their 
Applications* By P. Shaw and D. B. Tait 


Mr. R. G. Braithwaite (Past-President): The average 
electrode used for site welding is by no means weather- 
proof. How do the iron-powder electrodes compare in this 
respect with the rutile and low-hydrogen types? 

In regard to automatic welding, it is fair to say that in 
structural fabrication only about 12 to 14 lb of weld metal 
is generally needed for each ton of steel. Yet the tendency is 
to design new equipment to deposit ever-increasing 
poundages of weld metal at greater speeds and so com- 
pletely overtake the ability of the rest of the department to 
handle and manipulate the material. 

There seems to be room for the employment of lighter 
welding heads with considerably less power. using com- 
paratively thin wires, and probably high density current of 
500-600 amp. These machines could then be built into the 
normal manipulating machinery. 

Concerning the use of combined gas and coated elect- 
rodes, do the authors really visualize that it will soon be 
possible to produce an automatic machine that will weld 
on steel in the veritcal and overhead position under site 
conditions? 

Finally, I should like to know whether the bulkhead 
stiffeners shown in Fig. 15 were bulb angle sections with a 
rolled edge, for unless the shipyard workers are much more 
careful than the average structural engineer in mangling 
and flattening the plates before they start, there will be a 
considerable variation in the gap between the joint. 
Although the profiles of steel angles are closely specified in 
British Standards the edge is seldom constant. The con- 
ditions for welding fillets on each side of the stiffener are 
therefore different, and if the dual welding heads are 
provided with the same current and operate at the same 
speed there will probably be undercut on one side. Have 
the authors encountered these difficulties during the 
development of their machines and how have they been 
overcome? 


Mr. I. C. Fitch (Metropolitan-Vickers Electrical Co. 
Ltd.): In Mr. Tait’s comments on the use of the CO, 
welding process he mentions a deposit rate of 18 lb/hr. 
There have been recent claims in the U.S.A. of speeds up 
to 30 lb/hr, and although it is stated that the mechanical 
properties of the weld metal are still satisfactory, there 
seems to be little supporting evidence. Can Mr. Tait 
comment on these claims? 





* Brit. Welding J., 1958, vol. 5, p. 454 
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Mr. J. A. Lucey (Quasi-Arc Ltd.): Some confusion has 
arisen about the precise nature of the vertical welding 
process as developed in Russia, owing to statements that 
there was a change from the arc welding process to an 
arcless process after a short interval of time. When welding 
is started underneath the burden of granulated composition 
there is a definite arc discharge between the tip of the 
electrode and the parent plate. The heating of the arc 
causes the composition to fuse, and with this vertical 
method of welding the fused slag level rises until it com- 
pletely submerges the tip of the electrode. The passage of 
current then occurs through the molten slag and is not in 
the form of a true arc. 

The essential features of this equipment are that it must 
provide the means of feeding electrode wire into the joint; 
there must be copper shoes for supporting the molten weld 
metal; and the rate of movement of the welding machines 
must be controlled to keep pace with the level of molten 
metal. Various methods for accomplishing this novel form 
of control have been suggested, including measurement of 
temperature at the copper shoes and also the possible use 
of a nucleonic device. 

One simple and effective control mechanism makes use 
of the fact that with high current welding using compara- 
tively thin wires, the burn-off rate of the electrode is con- 
siderably influenced by the length of the extension of the 
electrode from the contact tip (commonly known as the 
I?R heating effect). 

The mechanical properties of weld metal deposited by 
the vertical process are reasonably satisfactory except for 
impact, which in the stress-relieved condition is about 
20 ft-lb, Charpy V-notch, at room temperature. A normal- 
izing treatment will give improved values. 


Authors’ Replies 


Mr. P. Shaw (Quasi-Are Ltd.) (in reply): The welding 
equipment manufacturers will certainly have to bear in mind 
the development of lighter welding heads. So as to deal with 
the problem of handling the large quantity of material that it 
is possible to weld in a short time there is now a tendency 
to combine the manufacture of welding equipment with 
conveying equipment. 

The answer to the question about the edge of the stiffener 
and the gap is that a gap cannot be tolerated, and the plate 
has to be brought up to the stiffener, however difficult that 
may be. 

We anticipated a problem in regard to the shape of 
the lower edge of the stiffener, but in practice it has not 
proved of great practical importance. There is a tendency 
to get a slightly different weld shape on the side where the 
stiffener is rounded, but it is possible to control the two 
heads independently, and we find in practice that the 
operator, after he has had some practice in working the 
machine, can correct his weld shape during welding. 


Mr. D. B. Tait (in reply): The tolerance to weather con- 
ditions of iron powder electrodes depends upon the type 
of covering in which the iron powder is incorporated. Both 
conventional basic low-hydrogen electrodes and low- 
hydrogen rutile iron powder electrodes can be affected by 
adverse weather conditions. Conventional rutile electrodes 
are very tolerant to weather conditions and this also applies 
to Class 1 cellulose iron powder electrodes which are being 
widely used on site even in adverse weather conditions. 

Although automatic processes for vertical and overhead 
welding on site are not yet available they are the subject of 
intensive development work, and it is hoped that at least a 
vertical welding process will be available shortly. 

In regard to Mr. Fitch’s comments, the bare-wire/CO, 
process gives deposition rates below those of other auto- 
matic processes. Continuous covered electrode welding 


MEETING 1958 251 
used with a CO, gas shield will deposit 35 lb/hr, and sub- 
merged arc welding will deposit 90 lb/hr. 

Although bare-wire/CO, welding may give deposition 
rates between 18 and 30 lb/hr, it has yet to be shown that 
the process is acceptable on such joints as square edge butt 
welds, in regard to such factors as the shape of the weld 
reinforcement. 


Why Weld Automatically?* By J. C. Fitch 


Mr. R. G. Braithwaite: | cannot agree with Mr. Fitch's 
formula for the feed speed, for he assumes that the burn-off 
rate for a particular electrode is always a straight line. 
The burn-off rate is dependent on both current and voltage, 
and for the 500-1000 amp machines for automatic welding, 
where the mains loading differs greatly from that for ordin- 
ary manual arc welding, it would be better to deal in terms 
of heat energy input. 

Mr. Gilbert Roberts recently produced some extremely 
useful diagrams on automatic welding output and speeds 
based on what he called the ‘kilovolt ampere curve’. These 
seem to indicate that the formula is more of a logarithmic 
type. It is apparent that we need to know much more of 
what happens in the submerged arc. 

The efficiency of the burn-off rate in automatic welding 
could probably be improved by attention to arc voltage 
characteristics and by using fairly high current densities. 
The physical effects of the molten flux bath should also 
be considered, for it is possible that increases in travel 
speed may be limited by the surface viscosity of the weld 
melt. More information is needed on the effect of small 
additions of various constituents, such as manganese, 
aluminium and the like, on the viscosity of the surface of 
the molten pool. 

This viscosity may also affect porosity in weld metal. 
Most plate is just mill finished, and if welding is fast it is 
likely that gases picked up from oxides and slags on the 
rolled surface may not be able to escape quickly enough 
because of the viscosity of the weld metal. 

The problem of guiding and controlling the arc where 
the edges are irregular is more serious with automatic 
welding than it is with the manual process, which can be 
controlled by the welder. Does Mr. Fitch visualize the 
introduction of some means of speeding up or slowing 
down the rate of travel to accommodate these irregularities? 


Mr. F. Hirschmann (Consultant): Quite a few shops 
which do not weld automatically today are those which 
cannot afford the special plant needed. I have therefore 
tried to offer to the welding shop an equipment which can 
be used for hand welding as well as for automatic welding. 
Such a plant should be rated for automatic welding at top 
setting, it must stand rough usage, and it must have a wide 
range. 

The equipment shown in Fig. A is an oil-immersed 
rectifier. The oil tank contains the transformer, trans- 
ductors and rectifiers; all the controls are on top. It is 
intended for hand welding, but is provided with built-in 
sockets, so that automatic controls, contained in a separate 
control box, can be plugged in. With such equipments, with 
a sufficient current reserve, it is possible to obtain with 
tungsten arc welding speeds of several feet per minute, 
with excellent results. A similar equipment can also be used 
for timed spot welds, with adjustments for the rate of the 
current decay and the timing. 

The equipment shown in Fig. B is intended for automatic 
welding, although it can also be used for hand welding. It 
includes controls for the welding speed, the arc length and 
the rate of wire feed, as well as a device for reducing the 





* Brit. Welding J., 1958, vol. 5, p. 303. 
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A —Oil-immersed rectifier 
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Equipment for automatic welding incorporating cold-starting 
de\ ice 


current at the start of the weld (so-called cold start), in 
addition to a crater eliminator. Here may be the answer to 
a question put by Mr. Needham in connection with Mr. 
Waller's paper. We often find, especially on light gauge 
material where no filler wire is used, or with consumable 
electrodes, a hole at the start of the seam. This is overcome 
by the cold start: the adjustable current reduction gives 
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Welding jig for use with control equipment 


Mounted welding head with automatic torch actuator 


just as much heat as is wanted. The question of the current 
range was mentioned in the discussion; with the described 
plant the ratio of minimum to maximum current is 1:30, 
surely high enough for anybody. 

Figure C shows a welding jig used in conjunction with 
the control equipment. The design is perhaps unusual in so 
far as it is heavier, and more like a machine tool than 





DISCUSSION AT AUTUMN MEETING 


orthodox equipment. The welding torch is mounted on a 
carriage which is moved by a motor driven lead screw on 
precision ground guide rails. 

A welding head with a wire feed and automatic torch 
actuator is shown in Fig. D. It is mounted on a column like 
a radial drill; the same head can go on the carriage and be 
used for longitudinal welding. 


Author’s Reply 


Mr. I. C. Fitch (in reply): | am entirely in agreement 
with Mr. Braithwaite’s comments on the formula, but it is 
difficult to give a precise formula to accommodate all the 
conditions that apply in arc welding. The specific fusion 
rate for automatic welding of mild steel varies between 
3 lb/hr/100 amp to 5 Ib/hr/100 amp, depending on such 
variables as wire diameter, flux, welding current, polarity, 
and so on, but the approximate formula can still serve a 
useful purpose 

In regard to the accommodation of irregularities of 
preparation, some of the efforts which are being made by 
machine manufacturers have already been described, but 
those irregularities which demand a change in the speed of 
welding are much more difficult to accommodate. If pre- 
paration is allowed to be such that these irregularities occur 
they must either be compensated for automatically or one 
must depend more on the skill of the operator. At the 
present state of the art, I can visualize no very ready means 
of making automatically the sort of accommodation that 
Mr. Braithwaite would like to have. 


Flame Cutting and Jigging for a Nuclear Power Station* 
By J. W. Gethin 


Mr. E. Seymour-Semper (Hancock & Co. (Engineers) 
Ltd.): This paper surely shows the extent to which oxygen 
cutting can be used today as a precision process, and this is 
particularly important when the development of new 
automatic techniques is demanding greater precision and 
closeness of fit-up prior to welding. 

As welding has developed so oxygen cutting has de- 
veloped, and as a manufacturer, I think I can say that we 
are keeping up with the demands for precision. The paper 
shows that modern equipment will cut curved plates, 
plates at an angle and other difficult variations in angularity 
and obliquity. 

We recently designed and built for an atomic energy 
contractor, a rather ‘fancy’ machine which cuts holes for 
the moderator control rods in atomic energy reactors. The 
burner cuts a 16 in. dia. hole down the side of a sphere, and 
it has to go round, and up and down, varying its angle all 
the time so as to give a constant angle for the welding bevel 

Mr. Gethin also shows how far one can go in one’s own 


works by a little ingenuity in design and adaptation of 


existing oxygen-cutting equipment. 


Author’s Reply 


Mr. Gethin wrote in reply: As welding is developing at 
such a great rate and at the same time is putting an ever- 
increasing demand on the engineers and metallurgists for 
such stringent conditions of safety, the problems arising 
from these conditions will also continue to increase. 

Oxygen cutting processes will therefore have to meet the 
same demands and must give conditions that ensure 
greater precision. Equipment will have to be developed 
and manufactured to operate for specialised applications; 
the ‘special’ machine will have to be developed and skilled 
operators will be needed to work them. 
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Positioners for Automatic Welding of Atomic Reactor 
Housings* By W. A. Davis 
(The paper was presented by Mr. C. C. Hanke) 

Mr. P. Shaw: In the past two years my colleagues and | 
have had to consider the particular problem of welding 
panels for spherical reactors. Could Mr. Hanke tell us 
whether the panels were held on to the frame by lugs welded 
on to them or by some other means? I have seen them held 
on by wire ropes and clamps. 

Would he also comment on the advantages of 3-phase 
a.c. welding, for in Britain we have, on the whole, favoured 
the use of Scott-connected transformers to give a 2-phase 
output, one phase being fed to each head. Sometimes we 
have used d.c. on the leading head and a.c. on the trailing 
head, but this is a matter of personal preference. 


Mr. P. T. Houldcroft (British Welding Research Associ- 
ation): To avoid confusion, the terms ‘positioners’ and 
‘manipulators’ should perhaps be defined a little more 
closely. I suggest that a positioner could be a piece of 
equipment which moves work into a position for welding 
and that it is stationary while the welding is carried out. A 
manipulator is a device which turns the work or moves the 
work while the welding is being done. 

Some positioners are now becoming rather large, and it 
may be questioned whether we should not do more to make 
our welding processes work in awkward positions. It is, 
of course, very, much easier to build a large positioner than 
to carry out the research and development needed for im- 
provement of positional welding. 


Mr. J. L. Pratt (Braithwaite & Co. (Engineers) Ltd.): We 
tried multi-phase welding of mild steel plate in 1954, using 
open-delta and closed-delta systems. The transformer 


~ 
Electrode | 


—_—§||r 


Electrode 2 


es es 
re il Y 


A—Transformer secondary connections —B 


Electrode 2 


Closed delta 


C—Arc voltage oscillograms. ( Note phase differences) 


Open delta 


secondary connections are shown in Figs. A and B. The 
electrode tips were spaced 3 in. apart; typical arc voltage 
oscillograms are shown in Fig. C. Voltage magnification 
was not the same for each trace, so that comparison of arc 
voltages from the oscillograms is not possible in this 
instance. 

A reactance was also tried in the earth lead of the system 
shown in Fig. B. A variable phase difference was then ob- 
tained between both electrodes, the amount depending on 
the value of the reactance. There is a current transfer from 
electrode to electrode as well as from electrode to plate; 
both vary according to the electrode phase difference. 





* Brit. Welding J., 1958, vol. 5, p. 400. 


* Brit. Welding J., 1958, vol. 5, p. 449 
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No difference in the weld quality of submerged-arc weld- 
ing of clean plate was observed; but it was possible to weld 
on rusty plate with no porosity. Deposition rates were 
naturally high, and arc stability was good with high- 
current-density electrodes. A Scott-connected transformer 
was not available to carry out further tests, and work was 
discontinued owing to the increasing complexity of the 
welding equipment needed 


Mr. I. C. Fitch: When welding with virtually bare wire 
on d.c., particularly when the electrode is of negative 
polarity, there can be very considerable changes in the rate 
at which the wire melts at a given current, according to the 
surface condition of the wire. If as-received wire is pro- 
gressively pickled the melting rate may be ultimately in- 
creased two or three times. Conversely, by adding materials 
to the surface in quite small quantities, the melting rate 
may be reduced 

I do not suggest that all such wires would be satisfactory 
as welding wires, but it does seem from the discussion that 
a copper-coating may have a real effect on the rate of 
deposition 


Author's Reply 


Mr. W. A. Davis: In all fairness to Mr. Shaw I should 
first state that we found the 3-phase welding not well 
suited for field work, and have since used d.c. welding 
sources—either motor generator sets or rectifiers. At least 
one of our shops still uses 3-phase submerged-arc welding 
to good advantage 

There are three basic 3-phase circuits for welding: (i) 
open delta; (ii) closed delta; and (iii) wye. The open-delta 
circuit was used in our case. Essentially. a phase goes to 
each of the two welding heads and a third phase goes to the 
work. The second welding head feeds its wire into the rear 
end of the molten pool in tandem behind the leading head. 

Three-phase a.c. welding circuits have the following 
potential advantages 


(i) The use of 3-phase primary, eliminating heavy 
single-phase line loads 

(ii) Two welding heads in tandem are used with several 

times the deposition rate compared with a single-tip 

head 

The use of a.c 


(iii) minimizes arc blow 
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(iv) Less power input per inch of completed weld is used 
particularly on heavier plates 

(v) Each welding head and the earth phase can be con- 
trolled independently. 

Potential disadvantages include: 

(i) Increased number of variables, such as phase angle, 
phase sequence, power distribution between two 
heads, effect of primary power factor, and multiplica- 
tion of controls for two welding heads plus the earth 

(ii) High open-circuit voltages. 


We found that for most field work the complex operation 
with so many variables using 3-phase a.c. welding more 
than offset the advantages of the system. Our operators can 
do a consistently better job using the simpler d.c. welding 
heads. 

Linde Air Products have done considerable research on 
3-phase welding, and E. A. Clapp and N. G. Schreiner 
presented a paper on the subject to the American Welding 
Society in October 1951. 


Mr. C. C. Hanke (in reply): The answer to Mr. Shaw's 
first question is that the first set of positioners was a big 
clamping beam. On the tilting tables it is simply clamped 
at one edge, because it did not have to rotate 360° but 
almost held itself on the table because of its weight and 
the friction between it and the table. 

The author himself will have to reply to the second 
question. 

I have little to add to Mr. Houldcroft’s remarks on 
terms. I must confess I use the two words with the same 
meaning most of the time, and it will be interesting to 
clarify it. But it might be hard to decide on the differences. 

1 admit that our first manipulators were too awkward 
and costly. But it was the first job of its kind, and we were 
able to write off the cost of this equipment. It was suitable 
only for another vessel of the same size, but we did not 
have to make another. 

The trunnion design was simple and was really built out 
of bits and pieces lifted from the junk yard of the works 
It cost less than £2000, whereas the first one cost between 
£15,000 and £20,000. There was a considerable amount of 
engineering in the first, as it had to be perfectly balanced 
To accommodate differences between building a 160-ft 
diameter sphere and a 120-ft dia. one we merely changed 
the contour plates on the bed of the manipulator. 


The discussion on the remaining papers presented at the 
futumn Meeting will be published in following issues of 
the Journal. 
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Welding and the Draughtsman 


By H. B. Merriman, M.1.MECH.E., A.C.T. (BIRM.) 


Some comparisons are made between the various stresses that arise in basic 
weld forms, and examples of simple calculations are given. A design procedure 
is outlined for instances when welds dre subjected to combinations of static and 


dynamic loading. 


Since much of the advice in the paper is drawn from experience in the design 
of pressure vessels some observations are given on the design of joints between 
ferritic and austenitic materials. The basic concepts are, however, applicable to 
most types of welded construction. 


designer, metallurgist, welding engineer, and 

fabricating shop will be well-known, no attempt 
has been made in this paper to comment on this vital 
aspect, and the observations are devoted to the design 
of welded joints. 

Most of the material is drawn from experience in the 
design of pressure vessels, but the substance is equally 
applicable to design for general welded fabrication. 
The theme generally considered is that of ‘designing- 
out’ objectionable features in welds and, where poss- 
ible of ‘designing-in’ resilience or flexibility to the 
structure to preserve the welds from shock loads. 


Se the necessary close association between the 


Stress Concentrations 


Ihe stress-raisers introduced by abrupt changes in 
cross-section or local discontinuity are, at the least, 
undesirable from the designer’s viewpoint, and whilst 
they may not be serious in statically loaded joints in 
ductile metals not subjected to shock loading, they 
become dangerous in brittle metals (or ductile steels at 
a service temperature below their ductile-to-brittle 
transition point), and in joints subjected to cyclic 
loading. 

Welds are frequently stress-raisers by virtue of the 
configuration of the plates to be joined, and because of 
their own contours: (the paper is concerned primarily 
with geometrical stress-raisers and not ‘metallurgical’ 
ones). 


In statically loaded structures, the ductility of the 
material will allow yielding to take place and a re- 
distribution and more uniform spreading of the stress. 
The catastrophic brittle fracture of fatigued metal or 
of carbon steel below its transition temperature is often 
initiated in a weld—at some flaw such as an arc 
crater or undercut—and whilst the fracture does not 
propagate along a weld (as far as is known from the 
literature) it is significant to note that its origin is 
often a weld. Brittle fracture in pressure-vessel carbon 
steels, although associated with ‘low’ temperature, 
has been known to occur during the testing of a vessel 
on a cold but not necessarily freezing day. 

Weld contour is most important for weldments in 
cyclic service; a common instance of this is the skirt- 
to-shell attachment weld of a vertical pressure vessel 
subjected to cyclic thermal loads, variable wind loads, 
and vibrations transmitted to it from process flow 
variations. 


Stresses in Butt Welds 


The stress in a full-penetration butt weld uniting 
plates of equal thickness / (Fig. 1) is: 
P 


fh hi (1) 








Paper presented to the North and South London Branches of 
the Institute of Welding in February and March 1959. 
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cross sectional areas, about which there could be 
some doubt. 

4 comparison of stresses for the two examples con- 
sidered is given in Table I, taken from results pub- 
lished by Pemberton.* This author has also given the 
information reproduced in Table II 


Fillet Welds 
Par eS mae Calculations for fillet welds are based on the 
assumption (confirmed by photoelastic tests) that the 
where f, = tensile stress, Ib/sq.in stress in the throat of a transverse fillet weld (Fig. 3) is 
P = load, Ib principally tensile. The thickness of the throat for 
l length of weld, in caiculation purposes is taken as 0-707h/. 


h thickness, in 


The weld reinforcement is not included in the 
computation. 

The American Welding Society has reported! that 
butt welds are able to take pulsating compression 3—Fillet weld throat 
stress from zero to maximum to above the yield for as 
many as 2 x 10® cycles. The conclusion is drawn that 
unless there is a reversal of stress, compression 
members designed by conventional methods are not 
subject to fatigue. Under tensile stressing, similar Table I 
specimens have shown a fatigue strength above the 
yield when stressed in a range of 4§ max. to max. stress 
(for 2 10® cycles). Transverse butt welds with the 
reinforcements ground off have given the same Test Piece — — 
fatigue strengths as the parent plate with the millscale 25,500 Concentra- 
left on. A value often taken for the stress concentra- Limiting tion Factor 
tion at the edge of a butt weld (not ground flush with range ay aN 

> >sSgun 
parent plate ) is 1-2 , 
It is considered that the fatigue strength of a fully 
penetrated butt weld cannot be improved by adding Single-V butt weld 6,400 
: ; - Double-V butt weld 5,700 
reinforcing plates. Fillet welded butt straps reduce the Sinole-V b id witt 
~ Single- itt weld wit 
fatigue strength by introducing stress concentrations, oe Bes acyl aey 
. c : c reinforcement serrated »,400 
which result in failure of the base metal at stresses 
A an he oe mathe of the Single-V butt weld with 
noticeably lower than the fatigue strength of the un- transverse fillet-welded 200 
reinforced joint. Butt straps are sometimes used in butt straps 
Static loading (Fig. 2), and the customary formulae for 5, Similar model to (4) 
calculating the stress in the welds is: machined from solid 
metal 
P ae 
0-707h,/, Transverse fillet weld 
symmetrical , 100 
P 
(2A,1,+Al) 


where p load in each butt strap (Ib) 








Direct fatigue tensile stresses for mild steel 


(2 « 10° cycles) 





. Unwelded bar 11,400 


Stress in fillet welds (1b sq.in.) 


Stress in butt welds (lb/sq.in.) Longitudinal fillet welds ,800 





, ., cross section of one strap Table ll 


total cross sectional area . boul ‘ ‘ 
Fatigue limits for butt welds in mild steel 
tensile load (Ib) 





dimensions from Fig. 2 (in.) 
Test Piece Stress under Stressunder Authority 
It is assumed in these formulae that the load P is pre-load load, 
distributed over the three plates in proportion to their Ib/sq.in 'b/sq.in 
Unwelded bar 25,800 11,400 Thurn 


Single-V butt weld 0 12,300 Haigh 
13,400 9,000 Haigh 

25,800 6,500 Haigh 

6,720 17,900 Haigh 

11,200 13,400 Haigh 

13,400 18,300* Haigh 


Double-V butt weld 25,800 5.600 Thurn 


Single-V butt weld 
with transverse fillet- 25,800 4,500 Thurn 
welded butt straps 





2—Strapped butt weld * Stress relieved 
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4— Loading on fillet welds 








Reasoning on similar lines, it is seen that the weakest 
part of this connection is the narrow throat which 
must transmit the full load P as well as resist the bend- 
ing moment that is thereby imposed (Fig. 4a). If the 
complete load is assumed to be uniformly spread over 
the throat area as a tensile stress normal to the throat 
cross-section, that stress would be: 

f 4 1-414P (4) 
0: 707A! hl 
[his is a rough and ready formula, and its applicability 
will be demonstrated later. 

Replacing P by its two components Py and Ps 
normal and parallel to the throat cross section 
(Fig. 44), tensile and shear loads respectively, and each 
equal to 0-707P, give 
(i) A tensile stress normal to the weld throat 
0-707P P 
0-707hi Al 
and (ii) A shear stress on weld throat 
0:707P P 
0-707hi Al 
throat 


ten 


Ihe stress in the weld due 


(Fig. 4c) is: 


to bending 


; VM 
Jo _ 


Where M is the bending moment 


and Lu t 


+ is the section modulus r3 


so that 
6Ph 3P i 
eras (Sc) 
41(0-707h)? Al 
At the point A in Fig. 4c the normal tensile stress 
and the tensile stress due to bending are additive and 
become 
roo 4P 
hl Al Al 
Combining this total tensile stress with the shear stress 
to find the maximum principal stress gives: 


4P 4P\? ae 4:24P 
hi MAG (iz) | 2 oe 
If the weld were preserved from bending stresses, 


the combination of normal tensile and shear on the 
weld throat would give a principal stress: 


P P 2 P 2 1-618P 

— —> — } - —— 6 

hi J/\(i) (ii) | pee A 
In practice, every attempt is made to eliminate the 

bending stresses, usually by adding another weld 

(Fig. 4d), and a combination of plate stiffness and 


hror eq.5a+eq.Sc (Sa) 


/max 


fax 


Svmmetrical transverse fillet welds 


WELD | 


me a “= Th 


> 
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6—Lap joint between plates of unequal thickness 


= 





overlap allows the reactions Pz to be small enough to 
have negligible effect upon weld stressing. 

In symmetrical transverse fillet welds (Fig. 5) the 
stress in each weld 

, P/2 0-707P (1) 
° 0:-707hAl Al 

When the fillet welds unite a lap joint composed of 
plates of unequal thicknesses (Fig. 6), the loads 
carried by each plate depend on the ratio of the plate 
thickness. For example: 
1-414P%, 
Bite Peer 
L414P iy 
the{t, + ts) 

When the weld leg is the same as the plate thickness 
(which is not always practicable): 

1-414P — 1-414P 
A= i,+0) 4 at 

This is a rather uncertain analysis when the top plate 
is relatively thin compared with the bottom plate. If 
the top plate is visualized as a piece of rubber, it is 
seen that weld 2 takes almost the whole of the load. 





Stress in weld 1, f, 


Stress in weld 2, f4 


7—Transverse fillet welds 
under tension 





CCRC 


( ahowlenon of Ake wolds fer arteching homme 


a 


Combining these stresses 
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welds in the seemingly laborious manner shown. This 
method allows for additions; ~ can be adjusted 
accordingly, and as a ‘running plot’ is kept of Jyy, the 
moment of inertia can be found for each addition of 
weld that is made. To illustrate this, take a cantilever, 
as shown in Fig. 10 to support a load of 1} tons 
concentrated at 8 ft 0 in. from the welds. 
Vl 2240 x I 8x 12 320,00 in.Ib 

Assume that the allowable stress in the weld is 
14,000 Ib/sq.in. and that a weld greater than } in. 
leg length is, in this case, impracticable. 


Permissible load per inch of weld 14,000 


1-62 
4350 Ib. 
VU 320,000 


Actual load in weld ~ 


$7 
z 56 5710 lb in 


(unacceptable) 
Consider increasing the flange to 6 in. wide; add 
1 in. on either side of the flange (Fig. 11) directly into 
the calculation: 
Element H Ay 1y* Ina lyy 
16 120 1152-3 
2 24 288 
18 144 1440-3 
144 
= 
1440—(18 
388 
(12-8) 
320,000 


7) 3300 Ib/in., which could be acceptable. 


Design for Fatigue Loads 


Concentration factors (multiples of the calculated 
static stress) determined experimentally enable a suit- 
able size of a weldment for fatigue-type loading to be 
derived. Typical values are shown in Table IV. 


Endurance 
limit 
(in tension 


200 x 10° 
cycles) 


fo 
Design 
stress 
for var- 
iable or 
cyclic 


* 


Table IV 


Values for stress concentration factors 





Factor K Authority 
‘2 Jennings? 


Type of Joint 


At edge of reinforced butt weld 

At toe of transverse fillet weld 

At end of parallel fillet weld 

T-butt joint with sharp corners 
Transverse bead on plate 
Transverse fillet welded cover plates 


sw 


Cazand* 


weNN—— 
we 


_— 
~~ 





Referring to the values for stress concentrations 
given in Table I, it will be noted that a high mean 
static stress acting before and during the variable 
stress has an important bearing on the stress concen- 
tration factor. 

A method suggested by Koopman® for evaluating 
design stresses under conditions where a fluctuating 
ioad is superimposed upon a constant load is shown 
in Fig. 12. Values for the steady stress are set along the 
abscissa—ultimate or yield stresses divided by a 
factor of safety determine the maximum design stress 
for static loading. The ordinate is graduated in design 
stresses for fluctuating loads up to the acceptable 
endurance limit. 

The line DE being parallel to line AB (or AC), the 
equation to the line DE (the Design Line) can be 
written: ' 

Kf , Se 

fon Se 
stress concentration factor multiplied by the 
variable stress 
Ses allowed or design stress for variable loads 

‘ constant or steady stress 
Sea allowed or design stress for steady loads 


I Seer, 


K .fe 


where: 


The variable stress f, for use on this graph is defined 
as Kx} (maximum stress—minimum stress), whilst 
the steady stress f, is } (maximum stress+-minimum 
stress). Whilst the formula can be developed to 


(Values in !b/sq.in.) 





VARIABLE STRESS K¢y 


loading 


12—Method of evaluating design 
stresses for fluctuating loads 





o.* 
ee ee 








17,000 29,700 59,500 
© fog Design stress —_Yield point UTS. 


CONSTANT STRESS f, 
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When the plates and welds are of equal size, the 
stress in each weld 
0-707P 
Al 
This formula applies also to the weld arrangement 
shown in Fig. 7. 
Should one weld be omitted in Fig. 7, the joint will 
be subjected to bending (Fig. 8). Assuming P (for 


(10) 


— 


+B 


Pehl 





mm 





ht ” 
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8—Transverse fillet weld under tension and bending 
convenience) acts along the fusion line, the direct 
tensile stress will be 
1-414P 
' Al 
and tensile stress due to bending 
M 6M 3P 
Z (0:707h)*/ Al 
Adding these tensile stresses 
4-414P 


hath hi (13) 


(11) 


ht 


which is 3-1 times as large as the symmetrical arrange- 
ment (ignoring the effects of shear stresses). 

The analysis of stresses in fillet welds resisting a 
bending moment, as shown in Fig. 9, is dependent 
upon the ratio of / to t. Usually ¢ is greater than 2h, 


- a . 








- 





9—Fillet welds resisting 
bending moments 





t+! 414 h 





yy 








Ln J 


but when it is less, the bending stress /,, is developed 
from bending moment and section modulus: 
6PL (t+ 1-414h) 
1-414th (30° + 2h? + 4:24th) 
Where ¢ is greater than 2h, /,, simplifies to 
1-414PL 
lth 

Allowing for each weld to take }P, the tensile stress in 
the weld throat 


f (14) 


(15) 


0-707P 
f, (16) 
lh 


Combining these stresses 


/ 5 , 0-707P 
Jnax. \ Up hi ) lh \ 


/( 5 


r? 
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Sketches of the alternative methods of attachment 
are given in Table III, for comparison of the calculated 
stresses in the weld, and the size of the weldment. 


Calculation of fillet welds for attaching beams 

A convenient method of computing the size of fillet 
welds to attach a cantilever is to calculate a line 
section modulus. 

The welds are represented by single bars (Fig. 10) 
of one unit width, and their section modulus is found. 











10—Calculation of weld moments 


Flange welds are treated as one single bar, unless 
they are spaced quite some distance apart. Dividing 
the bending moment by this line section modulus will 
give a /oad in the welds per inch run; from this can be 
established a weld of suitable size. 

Moment 

of Inertia 

about YY 


Voment 

' of Inertia 
from YY, about N.A 
im ly 1 


Element Area A, Distance Ay Ay* 


sq.in 


4 12 48 576 4/12 
12 6 72 432 144 
B 16 120 
} 120/16 7i in 
Iyy lyy 4)" 1152°3—(16 


°<9 
252 in.* 


Considering the welds on the flange (element 4A), 
their distance from the neutral axis (XX) is 12-7} in. 
4} in., and the line section modulus becomes 252/44. 
This value of Zj;n¢ may be inserted in the formula 
F(lb/in.)= M/Z, and the load per inch run of the 
weld determined. 

The size of the weld will be influenced by the thick- 
ness of the flange and web and also by the member to 
which the beam is to be attached. This may seem 
obvious, but perhaps what is not so apparent is the 
advantage of calculating the moment of inertia of the 


hy 4" “ws 





11—Calculation of weld 
moments 
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welds in the seemingly laborious manner shown. This 
method allows for additions; ¥ can be adjusted 
accordingly, and as a ‘running plot’ is kept of Jyy, the 
moment of inertia can be found for each addition of 
weld that is made. To illustrate this, take a cantilever, 
as shown in Fig. 10 to support a load of 1} tons 
concentrated at 8 ft 0 in. from the welds. 
V 2240 = 1 8 x 12 320,00 in.Ib 


Assume that the allowable stress in the weld is 
14,000 Ib/sq.in. and that a weld greater than } in. 
leg length is, in this case, impracticable. 

Permissible load per inch of weld = 14,000 7 


4350 Ib. 
M — 320,000 


; 57 
7 56 10 Ib, in. 


(unacceptable) 


Actual load in weld 


Consider increasing the flange to 6 in. wide; add 
| in. on either side of the flange (Fig. 11) directly into 
the calculation: 

Element 4 Ay Ay? Ina lyy 
A+B 16 120 1152-3 
C 2 24 288 

18 144 1440-3 
144 
18 
1440 —(18 
388 
(12-8) 
320,000 


— 3300 Ib/in., 
9 


which could be acceptable 


Design for Fatigue Loads 


Concentration factors (multiples of the calculated 
static stress) determined experimentally enable a suit- 
able size of a weldment for fatigue-type loading to be 
derived. Typical values are shown in Table IV. 


Endurance 
limit 
(in tension 


200 x 10° 
cycles) 


fo 
Design 
stress 
for var- 
iable or 
cyclic 


RY 


Table IV 


Values for stress concentration factors 





Authority 
2 Jennings® 


Type of Joint Factor K 


At edge of reinforced butt weld 1- 

At toe of transverse fillet weld 1- 

At end of parallel fillet weld 2: 

T-butt joint with sharp corners 2: ae 
1. Cazand* 
3-0 


Transverse bead on plate 
Transverse fillet welded cover plates 





Referring to the values for stress concentrations 
given in Table I, it will be noted that a high mean 
static stress acting before and during the variable 
stress has an important bearing on the stress concen- 
tration factor. 

A method suggested by Koopman? for evaluating 
design stresses under conditions where a fluctuating 
load is superimposed upon a constant load is shown 
in Fig. 12. Values for the steady stress are set along the 
abscissa—ultimate or yield stresses divided by a 
factor of safety determine the maximum design stress 
for static loading. The ordinate is graduated in design 
stresses for fluctuating loads up to the acceptable 
endurance limit. 

The line DE being parallel to line AB (or AC), the 
equation to the line DE (the Design Line) can be 
written: 

K fe . fe 
ha for 
stress concentration factor multiplied by the 
variable stress 
fea allowed or design stress for variable loads 
h constant or steady stress 
Soa allowed or design stress for steady loads 


l pee ideale 


where: K. f, 


The variable stress f, for use on this graph is defined 
as Kx} (maximum stress—minimum stress), whilst 
the steady stress f, is 4 (maximum stress+-minimum 
stress). Whilst the formula can be developed to 


(Values in Ib/sq.in.) 





VARIABLE STRESS Kfy 


loading 


12—Method of evaluating design 
stresses for fluctuating loads 





%e 


E 








17,000 
foq Design stress 


CONSTANT STRESS f, 


29,700 
Yield point 





widic Ow a 


( wrers ) 


- 3 
(OMranae ) 


1959 


JUNE 


MO 
d 


Jd LOL + 7 “YE | 
J 


4323 mwonee 
ld vidi * $ \(Mv+ 499- 33¢)4 <u 
7¢ |” ? 

® 3 yoy 


t 


=< 
Z 
~ 
r 
= 
0 
Z 
~ 
S 
a 
x 


(sm QF 


— oo 
i 
-—44 
4 L 
Tite. * 5 7 


GIS Pam “7 julor ; 
, ft y a2I¢ pja = re 
| PJAM Ul Ssaaig *| fo adi] | pray ut = *, : W 2215 pron 
a | PIA Ul ssaaig | 





























SOU IE) Pposn \guouluto0) aos 40} So7ts pur SASS ATS PI? “A 
ih 148] 





AND THE DRAUGHTSMAN 


MERRIMAN: WELDING 


“SQOUBIIJ9I IVE , 


‘SSOJ}S JBOYS URW OY) SOW F] SI PUL ‘yIdopP-pruI je SINDSO Ssai}s JESYS WINUWIXEY » 


‘019Z SI JUIOd SIy} 1e Ssdz}s JeOYS “pjam Jo apo soddn guwi9sjx9 Je sINd90 Furpusq WoOJJ ssozjs WNWIXeYy 





yor. GUIM Nw DM L>wY SHO 
wees vy 48 CTLS'S ee Ww 
Woewo. Bea 2h. MRSS 


2a% (ers 
we: VF 


oP * (uve +P) Or 
(“vip t+ P)WIS fH 
t 





™~ 


LV 


—— 


| 
} 
J 


(4-a) (wv3rs) 
we 


(“-ad)-@ 
(4-a) wets 


7 








(4 LoL +a)¢ 


Vd OL! 
® 
(Oa mae > 


(YLOL-*#+@)% 
z 2 
(9) 


Id SL | 


of - (YIP it) 
(uvivitajpiaeo’ ft 


(a*3€) 03 
1d o2-P 


(9+ 30)? 
16 w2 V0 





2a 
1d Lz! 


4,d 
Taiz1 73 


THs § 1 a 


y(M2-B) - 0 Orense) | 
digz2o0r "5S 


Ci \ 








(O*3E>90F 
2) | 1 @) 


(9+ 3€)%9 


Td 


©. Samar + 

WTWA ari CSL VT IOIN 

Aww 39° L699 SMa 
se Ie yan Ct 


oe Ss ¢ 




















BRITISH WELDING JOURNAL, JUNE 1959 











eliminate divisors, there seems to be little to be gained 


from this. An example is given of the determination of 


the length / of a butt weld joining two plates | in. 
thick, and carrying a constant load of 10,000 Ib 
(tensile) plus a load variation up to 40,000 Ib (tensile). 


A 1-2 (Table IV) 


Variable stress 


(max. load — min. load) (40,000—10,000) 
h Area of weld a. 
15,000 
l 
Steady stress 
(40,000 + 10,000) 
nee: <7 mem 
25,000 
oe 


f (max. load min. load) 


f 8,000 Ib sq.in 
fon 17,000 Ib sq.in 
Substituting in equation 18: 
1-2* 15,000 25,000 
~1< 8,000 * 7< 17,000 
l= 2-25+ 1-47 
(if designed for static loading only 
40,000 
17,000 


3-72 in 


2-35 in.) 


If the loading were cyclic over the range +-40,000, the 
weld length / would become: 


(40,000 - {- 40,000)) 


- 40,000)) 40,000 
Ix/ 1 
0 (in this example) 


Variable stress /, 
Steady stress /, 
Substituting in equation 18: 


1-2 x 40,000 


= LO 
8,000 


Whence /=6 


(b) 


ANANANANASSAAAAN 


13—Junctions between pressure 
vessel and skirt 








KRAAYS ‘ 
++ >>> 


Sq 


An interesting joint connection (which to some 
extent defies classification into fillet or butt) is the 
junction between a vertical pressure vessel and its 
skirt. For medium temperature service the non-cyclic 
loading the joint in Fig. 13a is frequently used. The 
fatigue strength is increased if the weld is faired, as 
shown in Fig. 134, to eliminate notch effect. For more 
severe conditions of both thermal and mechanical 
cyclic stressing, the detail shown in Fig. 13c, or for a 
tapered skirt, Fig. 13d, is selected. 


Stainless Steel to Carbon Steel Welds 


A good, sound, full strength joint can be made 
between the frequently used Cr—Ni austenitic stainless 
steels and plain carbon steel (with carbon up to about 
0:3°,) or low-alloy weldable steels. It is assumed that 
the corrosion aspects to this junction are acceptable: 
for joints in contact with water, or oxidizing acid 
solutions, the carbon steel becomes the sacrificial metal 
and a corrosion allowance must be added to the plate 
thickness. 

Where possible, the junction should be placed to 
take advantage of the elastic and plastic yielding of 
both metals. This is exemplified in Fig. 14 where an 
18/8 outlet flange is provided to a carbon molybdenum 
steel vessel—a stub attached to the flange and a 
similar one to the vessel (by extending the nozzle 
stand-out) enables this desiderata to be attained. To 
make this junction by providing a 16 in. 0.d. pipe to 
be welded into the 400 Ib flange (Fig. 15) is to be 
avoided, for thermal stressing due to differential 
expansion leads to cracking in the weld. Likewise, an 
arrangement shown in Fig. 16, which has no resilience 
designed into it, is most undesirable in any thermal 
cycling conditions. Figure 16a shows an 18/8 pipe 
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Carbon stee! 

















Method of attaching 18.8 outlet 
flange to low-alloy vessel 





(a) 


Carbon or 
low-alloy steel - 
header 





18/8 weld deposit 











(b) 





Carbon or 
low-alloy stee! 
header & tube 











25/20 weld deposit 











16—Tube to header connections: (a) Undesir- 
able ; (b) preferred use of high-alloy weld 
deposit 


15—As Fig 14, but showing undesirable 


connection of 18/8 pipe direct to flange 


welded into a ferritic steel header; Fig. 16b depicts a 
low-alloy (say 5% Cr-4$°% Mo) steel tube welded into 
a header of similar material, with a 25/20 electrode, 
the differential expansion in the weld itself being 
undesirable. 


Stainless (18/8) steel has a coefficient of expansion of 


about 10-4 x 10-® per “F., whilst carbon steel and low- 
chrome ferritic steels have a coefficient of 8x 10-* A 
butt joint between pipes of equal thickness develops a 
hoop stress f at the junction: 

f E(T.—T,) (a, /8 (19) 


Young’s Modulus, which can be assumed 
identical for both metals (say 29 » 10° Ib/sq.in.) 
Overall temperature change, °F. 
The difference in the coefficients of expan- 
sion (per ~F.) 

If such a joint were raised in service from 50° to 
1000°F.: 


tee) 
where E 


(T,—T)) 


(Xieis Lee) 


f 29 « 10° « 950 x 2:4 = 33,000 Ib/sq.in. 
which would be compressive in the 18/8 and tensile in 
the ferritic material. 

Connecting the austenitic pipe directly into the shell, 
as, say, in Fig. 16, would force almost all the differ- 
ential strain into the austenitic tube. This would in- 
crease the maximum stress by a factor of approxi- 
mately 3-6 as compared with the single butt weld. 

The weld uniting the stainless steel to the carbon 
steel is likely to suffer the deleterious effects of carbon 


migration from the carbon steel into the 18/8, at the 
carbon steel end of the junction. At this point, the 
weld may become embrittled and sensitized to inter- 
grannular corrosion. Since it is most desirable that this 
weld should be ductile, a ferrite content of between 3 
and 8 °% is considered desirable; electrodes of the 18/8 
type are available to provide the requisite amount of 
ferrite. Deposits from 25°, Cr-20% Ni electrodes 
have been used extensively in the U.S.A. for this type 
of junction, there being ample chromium to allow for 
its depletion by migrating carbon, and the nickel 
confers the requisite ductibility to the weldment. 
Historically, the stainless/carbon-steel junction in 
pipework has been interesting. One solution to the 
problem was to use a transition piece, with 18/8 at one 
end and the composition gradually changing over the 
length to terminate in a carbon steel matching to the 
pipework. The superposition of internal pressure load- 
ing and axial loading has reduced the hot-fatigue life 
of specimens held at a constant temperature, but an 
improved performance has been obtained by altering 
the weld preparation on the ferritic side (see Fig. 17). 


18/8 Carbon steel 


17—-Suitable connection for 18/8 to carbon steel pipes 


18/8 weld deposit 
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At the ferritic end of this junction there is a likeli- 
hood of carbon migration, which has a two-fold 
effect: the carbon steel near the weld interface will 
suffer a depletion of carbon; and the 18/8 weld will be 
affected by the undesirable permeation of carbon. In 
the weld deposit there is a possibility of the brittle 
sigma phase forming near the ferritic interface. The 
juxta-position of material in the weld and interfaces of 
material of differing crystal structure and physical 
properties creates a ‘metallurgical notch’. Under most 
corroding conditions that are usually encountered, the 
ferritic steel is the sacrificial element, and local 
strains induced by welding can accelerate this corrosive 
attack. 


Internal Linings to Pressure Vessels 


Internal linings to pressure vessels can be supported 
on a resilient member (Fig. 18). The connecting 
member is invariably stainless steel so that it may be 


nsulating concrete 


| 


carbon steel 
ring 


i8/8 


lining 


Resilient 





Carbon steel 
vessel shell 


VIII TAT 


a a a 


18/8 








18— Resilient support for 18/8 lining to pressure vessel 
made as thin as possible (no corrosion allowance is 
needed). The junction with the vessel shell can be 
conveniently made to a ring connected to the shell; the 
inherent plasticity of 18/8 gives the often indetermin- 
ate yielding that may be required, and a stainless 
stainless weld can be made in the corrosion, or hot, 
zone 

4 frequently encountered junction is that of a hot 
water or steam jacket being attached to a stainless 
steel vessel. A well-proven connection is illustrated in 
Fig. 19, where the 18/8 attachment provides a resilient 
or yielding connection 


18/8 channel 


ring 
arbon steel 


ring 


19—Junction of steam jacket to 
stainless steel vessel 
vesse! 


wall 
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The 18/8 steels are used for two dissimilar purposes: 
for their high or low temperature (— 50 F. and below) 
strength and absence of a transition from ductile to 
brittle failure; and for their corrosion resisting proper- 
ties. When used for the latter purpose, junctions 
between them and carbon steel must be arranged so 
that there is no contamination of the 18/8. For supports 
and strengthening members this is conveniently 
arranged by attaching the carbon steel members to 
18/8 pads (where weld contamination would not 
matter) and then attaching the 18/8 pad to the 18/8 
vessel or container (Fig. 20). Experience shows that 
carbon steel supports can be welded directly to 18/8 
of 10 s.w.g. or thicker without weld decay sensitizing 
effects on the inside of the vessel: an 18/8 electrode 
is used. 


Junctions of Lined and Clad Plates 


A typical method of shop fabrication of ferritic 
steel pressure vessel plates having stainless steel linings 
weld-attached, or clad, is shown in Fig. 21. When a 
weld-attached lined or a clad plate joins with an un- 
lined plate, a corrosion allowance may be added to the 


-Carbon steel support 





C7 Ziad haadahidddbiitsiitidbbdhits 
AAAAAAA RARER RR Reena eee 
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—18/8 pad 18/8 shell- 


a 
SSS Sy oasoke: 


22 


{ttachment of supports through pads to stainless steel vesse 


Carbon 
‘ —< 
steel 








18/8 cladding 


21—Suitahble joint between carbon ste 
attached lining 


Weld Carbon 
steel and 
grind flush 


18/8 weld-attached lining 


22—-Protection of transition from lined to unlined plate 


9 


unlined plate, thus making the unprotected plate 
thicker than the lined or clad one. The tapered transi- 


tion portion should be protected as shown in Fig. 22 


Welding of Tube to Tube Sheet 


Of the methods that may be used for this purpose 
one must be selected which eliminates the need for 
post-heat treatment of the whole tube bundle, so as to 
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23—Tube joints: (a) For 
(b) alternative method 
weld on expanded joint 


argonarc welding 


(c) metal-arc seal 





; 


avoid distortion of the tube sheet. This dictates the use 
of 18°, Cr-8° Ni or 25% Cr—20°, Ni electrodes for 
steels which would require post-heat treatment if a 
matching electrode were used. 

The materials to be joined fall into two groups; those 
which can be welded by argonarc and those which can 
be metalare welded. Argonare welding is suitable for 
18/8, aluminium bronze, and killed carbon steels; 
metalarc welding is customarily used for unkilled plain 
carbon steels and for C-}°% Mo, 1°, Cr-}°% Mo, and 
4/6°, Cr—4 Mo steels. 

Figure 23a illustrates the weldment, used for 
argonarc welding (without the addition of filler wire) 
and has been used for joining 18/8/1, aluminium bronze 
(ASTM 171 Alloys D and E£), and killed carbon steels. 
[his preparation presents a desirable arrangement in 
that two equal thicknesses are presented for welding. 
There is, too, in the ‘neck’ of the tube sheet preparation 
a measure of resilience. The tube is not expanded in 
the ordinary sense; there are no expansion grooves, 
but the tube is lightly expanded to affect a seal over 
the whole depth of the tube sheet to prevent the 








r 


N 


























Alternative 


ingress of shell side fluid. This weld, having a throat 
thickness equal to that of the tube wall, is considered 
to be a full-strength weld. 

An alternative to this method, which has been used 
for 18/8 and killed carbon steel, is shown in Fig. 23d. 
An advantage of these methods lies in the light 
expansions required, which avoids a full expansion of 
work-hardening materials such as 18/8. 

The metalarc welding of tubes to tube sheets in 
plain carbon and low-alloy steels is not (at present) 
regarded in the same way as the full-strength welds 
just considered. Many techniques progress slowly, 
moving cautiously from one proven method to any 
innovation. This is so for carbon and low-alloy steels, 
where conservative users of exchangers prefer to 
adhere to the established practice of fully expanding 
the tubes into grooves (Fig. 23c). The weld preserved 
from end-thrusts due to tube bundle handling, serves 
only as a seal. 

Matching electrodes are used for plain carbon 
steels, and 18/8 or 25/20 electrodes for 1°, Cr—4 Mo, 
and 4/6°,, Cr—} Mo steels. 
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4 corner of the Engineering, 
Energy Exhibition 


Varine, Welding, and Nuclear 


bition for the welding industry was that, although 
the exhibits showed, in general, that progress in 
the engineering and allied industries in the past 18 
months had been more in the nature of a development 
of existing materials, machinery, and techniques 
rather than startling new discoveries, equipment in the 
welding section was largely new. Many were being 
shown or described for the first time, and some had 
been prepared only just in time to go on show. 
In this brief review of only a few of the exhibits 
relating to welding it is convenient to divide them into 
broad groups 


P' bitin the most satisfying feature of the exhi- 


Arc Welding 
Though manual electric arc welding is probably still 
the most widely used process, the most prominent and 


interesting displays in the welding section were of 


automatic equipment 

allied processes 
Since the development of the electro-slag welding 

process of welding in Russia there has been great 


in almost all the weiding and 


interest in Britain in its application to the welding of 


thick plate, with startling economies in production 
times. 

Quasi-Are Ltd. have developed an entirely British 
machine which adapts the well-tried Unionmelt sub- 
merged-arc process for welding in the vertical position. 
As in the original Russian process, moveable copper 
dams support the molten weld metal, which is de- 
posited from the normal type of Unionmelt electrode 
and flux composition. There is full automatic control, 
so that the welding head and dams are raised progres- 
sively as the weld is deposited. The resulting deposit, 
like that from the normal submerged-are process, is 
sound and free from flaws, though it has a relatively 
coarse, Cast structure 

The Vertomatic slag welding machine, now being 
made available in this country by Rockweld Ltd., is a 


THE WELDING 


EXHIBITION 


1959 


Some impressions of the novel features that 
were shown in the Welding Section of the 
Engineering, Marine, Welding, and Nuclear 
Energy Exhibition, held at Olympia from 
16th to 30th April. 


development of the Czechoslovakian Vus process, and 
it has been given very exhaustive trials by the Com- 
pany’s Belgian colleagues Arcos. A demonstration on 


weld made hy the 
machine 


Cross-section of a 
Rockweld Vertomatic 





Electrode 
feed 
mechanism 


Electrode 
nozzle. | 
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Copper 
shoe 
Molten 
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Completed weid- 
Quasi-Ar« 
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Continuous 
electrode 



































Principle of the method of vertical 


arc welding 


submerged 
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the stand showed that a vertical butt weld between two 
2? in. thick plates 13 ft long would take only four 
hours to deposit; by manual welding it would take 
four operators about a week. The electrode wires are 
fed downwards through curved guides into a gap of 
about |} in. between the two plates, and they are 
oscillated within the gap to distribute the deposit. 
Special composite electrodes can be used for making 
alloyed weld metals. 


Plates being welded by the 
Vertomatic machine 


Rockweld 


It is interesting to learn that a third machine, not 
shown at the Exhibition, is soon to be marketed in 
Britain by Welding Supplies Ltd. 

When it is realised that butt welds in thick pressure 
vessels for nuclear power plant may take up to 12 
hours per foot to complete by manual welding methods 
the potentialities of slag welding techniques are clear. 
Yet there must be a considerable amount of develop- 
ment work and research before these machines can be 
applied to high-class work where, for example, high 
notch ductility at low temperatures is vital. But it 
cannot be doubted that the process will find immediate 
application in heavy engineering fabrication and 
where high production rates are essential. 

For the more normal structural work, with plate 
thicknesses of about 1} in. maximum, there is an 
increasing use of automatic and semi-automatic 
methods of welding where relatively long straight 
lengths of weld have to be deposited. In the ship- 
building industry in particular and in structural 
fabricating shops components have often to be joined 
by a double line of fillets—stiffeners to bulkhead panels 
or webs to plate girder flanges and so on. 

Machines for this purpose have been made by a 
number of equipment manufacturers. Murex Welding 
Processes Ltd. have mounted two of their Muramatic 
heads on a self-propelled carriage, so as to deposit 
simultaneously double h.v. fillets. Since the carriage 
speed is infinitely adjustable between 5 and 25 in./min. 
all sizes of weld can be made. 


Lincoln L.R.C. travelling boom and revolving column, fitted 
with a Lincolnweld B.10 fully automatic submerged ar¢ 
welding unit, working in conjunction with Lincoln L.S.A.R. 
rotators 


he use of standard automatic welding heads in this 
way shows another trend, evident in other directions 
and introduced by other companies, towards the 
development of versatile equipment that can be used 
for a variety of purposes. Thus, the Muramatic head 
can also be mounted on booms, mobile platforms and, 
according to the required conditions, can operate as a 
submerged-are or an open-arc welder. 

In a like way, the Lincoln twin-head tractor, which 
has been specially designed to speed fillet welding in 
shipyards, is interchangeable with other existing 
Lincolnweld units. This model too can operate as a 
submerged-are or an open-arc unit. 


Lincoln twin-head automatic 
arc tractor unit 


submerged 


The Lincolnweld B.10 automatic submerged-arc 
head is designed rather differently. It is a stationary 
unit for mounting on a Lincoln retractable column and 
boom, and it is thus suitable for internal and external 
welding of vessels and pipes of all sizes. The wide 
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Manual semi-automatic submerged aré with 


remote control (Lincolnweld M.L.3) 


welding unit 


allowances for movement of the head mean that fillets 
and laps can be made as easily as downhand welds. A 
similar head (B.11) can also be mounted on a self- 
propelled carriage travelling on a fixed beam. 

A notable feature of Lincoln equipment is the care 
taken by the designers to cater for the minor but 
troublesome difficulties that arise from the use of auto- 
matic equipment. The B.10 has immediate contact 
starting by inching the electrode onto the work, so 
that the need for a wire-wool start is eliminated; the 
manual ML.3 submerged-arc unit has a remote control 
device so as to allow full control of the welding 
conditions in confined spaces remote from the power 
source. 


Quasi-Arc self-propelled twin-fillet automatic welding machine 


The Quasi-Arc twin-fillet welder has been success- 
fully operating in British shipyards for some time. The 
machine exhibited was equipped for operation on the 
Fusarc/CO, process but it can also be adapted for 
submerged-arc welding. Of greater interest perhaps to 
the smaller fabricating shop was the Company’s 
‘basic welding head’, which enables a complete auto- 
matic welding unit to be built up from five basic 
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assemblies. This provides a versatile unit at a con- 
siderably lower cost than a complete specialised 
machine. An example of a possible future develop- 
ment in this field is a Fusarc/CO, gun welder for semi- 
automatic manual welding. 

Versatility was again shown in the Rockweld Auto- 
pak equipment, which can be used for fully automatic 
submerged-arc welding or for manual welding with 
normal covered electrodes. This unit has a very 
sensitive voltage control which ensures good pene- 
tration even with slight inaccuracies in fit-up, and an 
adaptation of the twin motor control unit provides the 
drive for the welding head carriage. By mounting the 
unit on a 20 ft boom the equipment can be used to 
make welds up to 17 ft 6 in. long at any height from 
the floor. The addition of further transformer units 
increases the capacity of the machine to 1200 amp. 

Rockweld have overcome some of the inherent 


difficulties of the bare-wire CO, process by using in 
their Comet machine a special composite wire which 
includes ionizers and slag-forming elements. 


These 


Equipment for the Rockweld Comet CO, 
process 


provide stability to the arc and smooth contours with 
absence of spatter to the weld deposits; normal 
cylinder CO, provides the gas shield against atmo- 
spheric contamination. The Autopak welding head 
can be used with this system. 

For most of the normal automatic equipment it is 
necessary that the joints should be reasonably straight 
or in smooth curves with only local small inaccuracies 
that can be accomodated by the automatic arc control 
provided. A useful contour-following device has been 
produced by Arc Manufacturing Co. Ltd., which will 
maintain a constant wire feed to produce the same 
weld profile regardless of the welding angles at which 
the work may be positioned. It will be interesting to 
see how this method is developed in other ways. 


(To be continued) 
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Hot Cracking of Mild Steel Welds 


FINAL REPORT ON HIGH-TEMPERATURE TENSILE TESTS 


High-temperature tests on mild steel weld metals were carried out in vacuo and 
in hydrogen and nitrogen atmospheres using a resistance-heated furnace. The 
results showed relatively low ductility in the range 950-1100°C., which was not 
appreciably affected by changes in the atmosphere. Similar results were obtained 
using rapid heating by high-frequency induction in an argon atmosphere. This 
minimum in ductility at about 1000°C. showed a very poor correlation with the 
susceptibility to hot cracking of the weld metals as assessed by Murex hot- 
crack ing tests. 

Two wrought steels showed no minimum in high-temperature ductility 
corresponding to that of the weld metals, but a cast steel did show a minimum 
that was very similar. Hot rolling and swaging of weld metal did not eliminate 


By P. W. Jones, 


M.SC., A.I.M. 


the minimum but it was less pronounced after this treatment. 

Dead load tests, carried out in an argon atmosphere at temperatures near 
the solidus, gave no correlation between temperature of rupture and the resist- 
ance to hot cracking of the weld metal. 


NOWLEDGE of the temperature at which hot 
K cracking takes place might lead to a better 

understanding and to a mitigation of this 
defect. It might also enable a less arbitrary test of hot 
cracking susceptibility to be devised. 

Ball and Winterton,’ have been unable to draw con- 
clusions about the temperature of hot cracking, or to 
show a good correlation between high-temperature 
ductility of weld metals and their susceptibility to 
hot cracking. 

Their original work has been revised and extended, 
using improved apparatus; and, in addition to tests 
in vacuo, tensile tests were carried out at high tempera- 
tures in hydrogen and nitrogen atmospheres. Dead load 
tests were carried out in argon at temperatures around 
the solidus. Rapid heating by high-frequency induc- 
tion was used in some of the work. 

Some variations in welding procedure were made, 


but most of the tests were carried out on specimens of 


unrefined weld metal made with 4 s.w.g. electrodes. 


Attention has thus been given to the mechanical 
properties of reheated weld metals at temperatures 
from 700°C. to the solidus, with appropriate compari- 
sons with cast and wrought steels and with wrought 
weld metal. 


Apparatus and Testing Procedure 


Resistance-heated furnace 

The furnace shown in Fig. | was used for tests at 
high temperatures in vacuo or in gas atmospheres. It 
was based on that used by Ball and Winterton but was 
modified to achieve higher temperatures and lower 
pressures, and also to operate in various gases. 

The specimen A was screwed into grips of Nimonic 


Report FM.3/127/58 of the British Welding Research Associa- 
tion, issued to members in December 1958. 
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Evacuation took place through standard } in. 
vacuum unions J and K soldered to flexible metal hose. 
Gases, when required, were admitted to the previously 
evacuated space through the connection K at the lower 
end of the furnace. 
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{pparatus for high-temperature tensile tests in vacuo. From 
left to right: Backing pump; control panel with diffusion pump 
behind; resistance heated furnace between specimen grips, 
with Pirani gauge head in front; load indicating dial, with 
Pirani gauge below; thermocouple potentiometer on table 
with electricity supply panel for furnace windings on wall 
above 
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1— Diagram of resistance heated furnace for high-temperature 
tensile tests 


75 alloy B, which were screwed directly into the upper 
end C of the furnace and into the bellows D at the 
lower end. Two rods E and F carrying spherical seats 
(which transmitted the load applied by the tensile 
testing machine) were screwed externally into opposite 
ends of the furnace. 

Thermal insulation was provided by copper radia- 
tion screens G in the space surrounding the main 
alumina tube H. This space was kept evacuated for the 
whole of the heating cycle, irrespective of the atmos- 3 Gas shroud for tensile testing in argon or other gas, using 
phere used in the central specimen chamber. 6 kW hf. heater 
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Because it was intended to carry out tests in hydro- 
gen, all refractories were of impervious recrystallized 
alumina, and the Pt-10°,Rh heating element L was 
set in silica-free alumina cement. The temperature 
could be maintained to within +2°C. without diffi- 
culty by means of a manually-operated variable 
transformer. 

Temperature was measured by a thermocouple tied 
to the centre of the specimen, and connected through 
vacuum seals M by compensating leads to a potentio- 
meter. Generally, thermocouples of Pt-13°,Rh/Pt 
alloy were employed. The 5°,Rh-20°,Rh combina- 
tion was also used, but it did not appear to have any 
advantages for this work. 

Pressure was measured by a small commercial 
Pirani gauge, with its head mounted as near to the 
furnace chamber as possible, although it was not 
possible to mount it on the furnace. Pressure readings 
obtained were generally 0-004 mm of mercury or lower, 
although higher readings were obtained during the 
heating period, mainly due to gassing of refractories. 
When comparing this pressure with those quoted by 
other workers it should be remembered that the 
Pirani gauge is sensitive to the presence of con- 
densible vapours, and where these are not removed by 
cold trap, it gives a higher reading than an absolute 
gauge of the Macleod type. 

The arrangement of valves for admitting gases to 
the evacuated space is shown in Fig. 4; but for testing 
in vacuo these valves were omitted. 

In a typical test run, the furnace was assembled with 
the specimen in position and fitted between the grips 
of the tensile machine (see Fig. 2). Before evacuating 
the furnace, a small tensile load was applied, sufficient 
to counteract the air pressure on the bellows. Evacua- 
tion required about 15 min, then heating began and 
took about 30 min to reach the desired temperature, 
during which time the thermal expansion of the 
specimen and grips was taken up by continual adjust- 
ment of the extension applied by the testing machine 
so as to avoid buckling. The temperature was held 
steady for 5 min before breaking the specimen. After- 
wards, the vacuum was maintained until the furnace 
had cooled to below 200°C. 


High-frequency heating 


This was used for tensile tests in argon. The appa- 
ratus consisted of a tube of silica or Pyrex glass, which 
surrounded the specimen, as shown in Fig. 3. Argon 


Pirani gauge 


Flexible metal Furnace 


Specimer 





Expanding 
metal bellows 


hree position 


4— Diagram of complete vacuum system 


of 99-8°, purity was passed through the tube at 
15 cu.ft/hr. The heating was provided by a 6 kW in- 
duction heating unit. The use of a specially designed 
single-turn output transformer or ‘concentrator’ en- 
abled a specimen to be heated to 1000°C. in about 
10 sec; but to give a steady temperature, heating 
cycles were adopted which enabled the specimen to be 
broken after about } min. 

Temperatures were measured by thermocouples 
flash-welded to the specimen and connected to a 
high-speed potentiometric recorder. Temperature 
distribution was checked over a 0-73 in. gauge length 
by three independent thermocouples. Gradients of a 
serious nature were found which were never entirely 
overcome, so that notched specimens for which the 
temperature distribution was less important were used 
with this apparatus. 


Welding procedures 


Multi-run specimens—Butt welds were made be- 
tween 4 in. mild steel plates of similar composition, 
and falling within the range: 

C 0-19 -0-22% 
Mn 0-57 -0-65°, 
Si 0-13 -0-:17% 
S  0:054-0-061 °, 
y 0-018-0-035°, 

Four runs were deposited from 8 s.w.g. electrodes 
in a 60° single-V preparation with a root face of 4 in. 
and a root gap of 4 in. An alternating current of 
170 amp was used throughout. Before the first run the 
plate was preheated to 120°C. Each weld was 6 in. 


5—Typical macrostructure of weld made by revised procedure. 
Circle represents test bar dia. of 0-206 in. 
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6—Comparison of ductilities of weld 
metals made with different welding 
procedures 
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8—Ductility of notched specimens of 
weld metal from electrode B in argon 
atmosphere, using h.f. heating. (Short 
horizontal lines indicate tests for 
which an accurate temperature reading 
could not be obtained.) 
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long and one specimen (44 } in. dia.) which con- 
tained portions of the second, third, and fourth runs, 
was machined lengthwise from the weld metal. 

Top-run specimens—To obtain specimens from the 
unrefined top run of weld metal the plate was pre- 
heated to 150°C., and one run of 8 s.w.g. electrode was 
deposited, using the same plate preparation as before, 
but reducing the root gap to ;' in. and the current to 
162 amp. The second run was then made using a 
4 s.w.g. electrode. Low-hydrogen electrodes were used 
with a current of 285 amp, and to obtain a sufficiently 
heavy deposit the plate was sloped at 15°. For other 
electrodes the current was 290 amp and the plate 
inclination 30°. It was possible to machine a tensile 
specimen entirely from the unrefined top run (Fig. 5). 
Specimen shapes 

Parallel or unnotched type—This was of conven- 
tional pattern, having a reduced parallel portion of 
0-206 in. dia., equivalent to a cross-sectional area of 
aig Sq.in. 

Notched type—The notch had an included angle of 
45° and a root radius of 0-005 in. The area remaining 
at the root of the notch was the same as on the un- 
notched specimens. 


Results and Discussion 


Effect of welding procedure and specimen type 

Specimens of both top run and multi-run types 
tested under identical conditions gave similar tempera- 
ture/ductility curves (Fig. 6). 

With induction heating, notched specimens were 
used because it was difficult to measure the tempera- 
ture of fracture of unnotched specimens owing to 
non-uniform heating. It was also hoped that notching 
might reveal brittleness at certain temperatures. The 
effect of notching, shown by some tests carried out in 
the resistance-heated furnace (Fig. 7), was to decrease 
the reduction in area at all temperatures, although not 
uniformly so. As changes in ductility with change of 
temperature were more readily shown by using speci- 
mens with parallel gauge lengths, subsequent tests 
were carried out with such specimens in the resistance- 
heated furnace. 

Tests in argon using high-frequency heating 

Tensile tests—High-frequency heating was quite 
satisfactory for notched specimens. Since these tests 
were made on reheated weld metal, the rapid heating, 
which permitted specimens to be broken in under one 


Table I 


Dead load tests compared with crack length (Ist Group) 





Electrode Red. in Area, Temp. of rupture, Crack length 
BS.1719 4 Sie (Murex test), 
class c ode 
E219 B 
F219 B 
E319 E 
E537 J 
E614 
E646 
High 
Sulphur V 


1450 
1460 
1385 
1445 
N 1440 
AP 1420 


1370 





WELDS 


Table U 
Dead load tests compared with crack length (2nd group) 





Crack 
length 
(Murex 
test), in. 
1425 1-5 
1443 1:5 
1404 0-56 
1467 0-43 
1404* 0:43 
1420* 0-23 
1446 0-23 
1408 0-23 


Electrode Weld Metal Time to Temp. of 
BS.1719 Type Failure, Failure, 
class Code sec Cc. 


E319 
E319 
E319 
E614 N 
E614 N 
E616 AO 
E616 AO 
E616 AO 
F616 AO 
E616 AQ 
E616 AQ 
E646 AP 
S-impreg. 

EF 


Top run 50 
Top run 53 
Multi-run 51 
Multi-run 48 
Multi-run 54 
Top run 48 
Top run 51 
Top run 54 
Top run 54 1430+ 0:23 
Multi-run 54 1370 nil 

Top run 53 sad nil 

Multi-run 53 1404 0-49 


Top run 52 wind 





* Different heating rate + Previously heated 
** Broken thermocouple 


minute, was a great advantage over resistance heating, 
minimizing changes due to diffusion which would tend 
to promote homogenization. 

Results for multi-run welds are shown in Fig. 8, 
which indicates an apparent scatter at the lower- 
temperature end of the curve. The possibility that this 
might be due to the heterogeneous nature of the speci- 
mens, which contained both refined regions and also 
coarse columnar crystals, subsequently led to the 
choice of specimens machined entirely out of one large 
run of weld metal. 

The relatively poor ductility in the region of 950°C. 
agrees with the earlier work of Ball and Winterton. 
Higher temperatures have now been achieved, reveal- 
ing a sudden drop in ductility at about 1400°C. This 
drop is probably due to incipient fusion, and its 
temperature might be expected to be influenced by the 
presence of low melting point impurities and possibly 
to bear some relation to susceptibility to hot cracking. 
Two series of dead load tests were carried out to 
investigate this. 





Dead load tests 
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9— Dead load tests plotted against results of hot cracking tests 
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Table Il 


Composition and other data relating to weld metal specimens 





Electrode Weld metal composition, ° 
BS.1719 Code Mn Si 


class 


E219 B 
E319 E 

E (S-impreg.) 
E646 AP 
E614 N 
E616 AQ 
E616 AO 
E616 AO* 
E319 E (wrought) 


0-064 
0-044 
0-081 
0-128 
0-092 
0-085 
0-052 
0:18-0:27 
0-02 


0-60 
0-42, 
0-41, 


Mn/S 


ratio 


Approx equiv. crack Min. Red. in Area 
length in Murex test, at about 
in. 1000°C., 
3*3 0-75 27 
0-037, 1:3 27 
0-054, . 2-05 24 
0-032, Y 0-65 52 
0-029, : 0-2 49 
0-028 . nil 3 
0-027, 7 0-1 43 
0-025, : 37 
0-032 0-8 64 





* Carburized plate 


Dead load tests—The tests were made in the simple 
apparatus shown in Fig. 3, to see if any correlation 
could be obtained between the hot cracking tendency 
of the electrode and the temperature of complete 
rupture of a notched specimen of the weld metal under 
a small tensile load. This was done because of the slow- 
ness of the method of rupturing specimens at various 
steady temperatures used to plot a ductility/tempera- 
ture curve. 

The first series of tests was made with the weight 
of the lower wedge grips, 1-46 kg, hanging on the 
specimen, and the second in a separate loading jig 
with a total hanging load of 3-46 kg. In both tests the 
temperature was increased steadily until failure 
occurred. In the first series the heating rate was such 
that failure occurred in about |—2 min, whilst in the 
second, more rapid heating in the early stages pro- 
duced failure in about 50 sec 

The results of the tests are given in Tables I and 
Il and in Fig. 9. All fractures were brittle and no 
appreciable reduction in area occurred in any test. 
The broken specimens were not analysed, so that it was 
not possible to take into account the differences in 
composition between the specimens and corresponding 


Murex test welds made with the batches of 
electrodes. 

There is no correlation between the temperature of 
rupture and the hot-cracking tendency as shown by 
the Murex test. This temperature of rupture should be 
related to the solidus temperature. Despite probable 
differences in composition, the results of dead load 
tests suggest that hot cracking does not occur in mild 


steel at solidus temperatures. 


same 


Comparative tests on various weld metals 

Direct and accurate comparison between the high- 
temperature ductility of a weld metal and its hot- 
cracking properties was not possible, because the 
Murex hot cracking test required a different gauge of 
electrode from that used for the all-weld tensile 
specimen. Moreover, the welds had different dilutions 
and therefore different final compositions. 

The susceptibility to hot cracking of a number of 
weld metals made with various commercial electrodes 
has already been evaluated with the Murex hot crack- 
ing test.2 Chemical analysis of a large number of test 
welds has revealed the relationship between Mn/S 
ratio and crack length, as shown in Fig. 10. This 





—_—_$ 


Complete cracking 


—-— 


25faxn 


10—Manganese/sulphur ratio of weld metals 
63:9 795 97'5 plotted against crack length in Murex test 
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16—High-temperature tensile properties of 
Tensile strength weld metal from electrodes AQ 
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17—High-temperature tensile properties 
of weld metal from electrodes AO 
using carburized plate 
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18—High-temperature tensile properties 
of weld metal from electrodes AO 
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relationship was used to derive a measure of the hot 
cracking propensities of the all-weld tensile specimens 
from their manganese and sulphur contents. 
High-temperature tensile tests were carried out on 
specimens welded with a range of electrodes chosen to 
give as wide a range of Mn/S ratios as possible. To 
obtain a particularly low ratio, electrodes of artificially 
increased sulphur content were used. The various results 
and compositions are given in Table III and in Figs. 1 1- 
16 and Fig. 18. Figure 19 shows that there is no satis- 
factory correlation between ductility and composition 


1400 


although there is a sharp rise in ductility at a Mn/S 
ratio of 14, which is in fair agreement with the sharp 
drop in hot cracking susceptibility which occurs at 
about the same Mn/S ratio. 


Effect of sulphur impregnation 

Impregnation was carried out by immersing the 
electrodes for 2 min in carbon disulphide containing 
31 g/l of dissolved sulphur. This treatment increased 
the sulphur content of the weld metal from 0-038 % to 
0:055°%. The minimum reduction in area at high 


Table IV 


Analyses of cast and wrought steels 





Steel 
Si Mn 
Cast steel* 0-48 
En 9 plate 0-23 0-69 
En 28 plate 0-23 0-59 


0-024 
0-05 
0-013 


Composition, ° 


0-031 
0-014 


Resid. Hydrogen, 
ml 100 g 


° 


Ni Cr Mo 
0-19 
3-38 


0-09 
0-75 


0-05 


0-62 0-08 





* Believed to be low-carbon Bessemer 
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ing the prepared plates before welding. The plates were 
carburized in two batches, for 5 hr (early tests) and for 
2 hr. These treatments gave carbon contents in the 
tensile specimens of 0-27°, and 0-18°, respectively. 
Figure 17 shows that there is little difference in the 
ductility of the two batches, but comparing it with 
Fig. 18 it is evident that carburizing has produced a 
significant diminution of the minimum ductility, al- 
though the ductility at 1200°C. has not been affected 
appreciably. 

Added sulphur and added carbon have had similar 
effects on the high-temperature ductility, both having 
reduced it by a small amount (Figs. 12 and 13, 17 and 
18). In view of the known markedly detrimental effect 
of carbon on hot cracking*® a much larger effect on the 
ductility minimum would be expected if the two 
phenomena were related. 


Cast and wrought steels 

The mechanical properties of one cast and two 
wrought steels (Table IV) were determined over a wide 
temperature range in vacuo, using the resistance- 
heated furnace. The results are given in Figs. 20, 21 
and 22. The two wrought steels have high ductilities 
from 800° to 1400°C., and there is no reduction in the 
900-1100°C. region as in the case of weld metals. The 
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20—Tensile properties of cast steel in 
vacuo at various temperatures 
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temperature was reduced from 27°, to 24% by this 
increase in sulphur. The reduction, although quite 
small, is significant (Figs. 12 and 13). The sulphur 
impregnation did not produce any brittleness at 
1200°C. at which temperature the reduction in area 
exceed 99°. 

This comparatively mild impregnation with sulphur 
produced considerable porosity in the weld metal, and 
many test results were discarded because the speci- 
mens were unsound. 

The increase in sulphur due to this treatment was 
sufficient to cause severe hot cracking in the Murex 
test, and the small effect on ductility at high tempera- 
tures is surprising. 


Effect of increased carbon 


The carbon content of the weld metal was increased 
without affecting other elements by pack-carburiz- 


800 1000 1200 1400 
TEMPERATURE, °C 


cast steel, however, shows a very considerable drop in 
ductility (Fig. 20) and its reduction-in-area curve is 
very similar to that for the weld metals. These results 
are in agreement with those of Ball and Winterton’ and 
confirm that, with respect to high-temperature tensile 
properties, mild steel weld metal resembles cast, and 
not wrought steel. 


Effect of mechanical working 

The foregoing results show that the effect of mech- 
anical working on cast steel is to remove completely 
the minimum in high-temperature ductility. It was 
considered valuable to find out if the minimum for 
weld metal was similarly affected by hot working. 

An exceptionally large multi-run weld was made 
using 4 s.w.g. electrodes. From this, a j in. dia. rod of 
weld metal was machined. This was rolled to 3 in. dia. 
from 1100°C. using several reheats. After shot blasting 
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it was then swaged cold to 0-325 in., normalized, and 
finally swaged cold to 0-245 in. dia.* Parallel-type 
tensile specimens were then machined from the rod 
and tested in the resistance-heated furnace. The 
chemical analysis is given in Table III. 

A considerable minimum in ductility at about 
1000°C., still remains after this treatment (cf. Figs. 13, 
23). This minimum has not been observed in wrought 
steels, but the amount of hot work they had received 
was probably greater than had been applied to the weld 
metal. Despite the difference in amounts of hot work, 
the results suggest that the ductility minimum in weld 
metal may be a different phenomenon from the mini- 
mum shown by cast steel. 

At 1200°C., the hot-worked weld metal shows a 
lower ductility than either the ‘cast’ weld metal or the 
wrought steels which have been examined. 


Tests in hydrogen and nitrogen atmospheres 

For test in gas atmospheres, the gas was admitted to 
the evacuated furnace and the pressure was raised to 
atmospheric before commencing to heat. Heating 


1200 


1400 


rates were somewhat slower owing to loss of heat by 
convection. Otherwise, the tests were identical to those 
carried out in vacuo. 

Specimens of two weld metals, one relatively sus- 
ceptible (electrode E) and one relatively insusceptible 
(electrode AQ) to hot cracking in the Murex test, were 
tested in each of the two gases at temperatures of 
900--1000°C., and also at 1280°C. The results are given 
in Figs. 24 and 25. At 1280°C. very high ductilities 
were obtained in both gases, and there seemed to be no 
detrimental effects. In the 900-100°C. region, slight 
differences were seen. 

One specimen was held in hydrogen for 2 hr at 
1000°C. before extension was applied. This gave a 
reduction in area of 58% (Fig. 24) compared with 42% 
for the corresponding specimen broken in hydrogen 
after the standard 5 min soaking time. Ball and Winter- 
ton’ found that holding at elevated temperature in 





* The mechanical working was carried out in the Department of 
Industrial Metallurgy at the University of Birmingham, for 
which thanks are due to Professor E. C. Rollason. 
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vacuo caused an increase in ductility, so that the present 
increase was not necessarily due to hydrogen. Ductility 
was very sensitive to small temperature changes in this 
region, so that the experimental error may have been 
considerable. 

A specimen of weld metal from electrode AO was 
soaked in nitrogen for | hr at 960°C. This decreased 
the reduction in area from 41-8 % (for a 5 min soak) to 
33-8 %, (Fig. 25). It is difficult to establish whether this 
is significant or not. 

Within the limits of experimental error, the two gas 
atmospheres, hydrogen and nitrogen, appear to have 
had no effect on the magnitude of the ductility minima. 
The positions of these minima appear to have been 
moved to slightly lower temperatures. This may have 
been caused by the lower heating rate, or by some 
alteration in the temperature distribution in the 
furnace, brought about by convection currents. As the 
gases used were molecular, and the amount which 
dissolved in the specimens is not known, this experi- 
ment does not prove that hydrogen and nitrogen are 
not responsible for hot cracking, but none of the 
results gives grounds for suspecting that either of these 
gases plays any part in the phenomenon. 


General Discussion 


Some explanation should be sought for the low 
ductility that occurs in mild steel weld metal and in 
cast steel at temperatures of about 1000°C. If the 
phase change from ferrite to austenite during reheating 
were responsible, wrought steels would also be expected 


to show a similar range of low ductility. For a more 
likely explanation, reference may be made to the iron- 
sulphur binary phase diagram.‘ In alloys containing 
between 0-01 °% and 0-18% of sulphur, the completely 
solid alloy can deposit liquid iron sulphide within the 


region 1365-988°C. For example, a 0-02°, sulphur 
alloy will produce a small quantity of liquid phase as 
the temperature falls below 1100°C. The presence of 
liquid phase along grain boundaries will undoubtedly 
cause hot shortness. The weld metals investigated 
contain considerable quantities of manganese, which, 
owing to its affinity for sulphur will tend to reduce the 
formation of liquid iron sulphide. Weld metal freezes 
rapidly, so that conditions are further from equilibrium 
than for steel castings. This may explain why such a 
large amount of manganese is required to prevent hot 
cracking—more than is needed to prevent hot short- 
ness in steel ingots. The improvement in ductility 
produced by holding at temperature is probably due to 
reactions involving a nearer approach to equilibrium, 
such as the replacement of iron by manganese in the 
inclusions, as shown by Whiteley® for steel ingots. 

In view of these considerations, a likely explanation 
for the low ductility of weld metals in the 1000 


1100°C. region is the formation of small quantities of 


liquid sulphide in the grain boundaries. A surprising 
result is the slight effect of the microstructure of weld 
metal on the temperature/ductility curves, given in 
Fig. 6. One might have expected the coarser structure 
to have shown inferior ductility. The less pronounced 
minimum in wrought weld metal is not inconsistent 
with this explanation, since, owing to the much smaller 
degree of working for this material, compared with 
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the wrought steels, it can be postulated that the 
sulphide inclusions have suffered a much smaller 
degree of break-up and alteration of constitution. 
This effect could be checked by high-temperature 
tensile tests on specimens from steel which had under- 
gone a small reduction similar to the wrought weld 
metal. However, a more powerful method of investi- 
gating the hypothesis that the low ductility is due to 
sulphur-rich inclusions would be to make and test 
sulphur-free steel and weld metal. These would not be 
expected to show any minimum in ductility at high 
temperature. 

In the present investigation the attempts to correlate 
hot cracking with the temperature of the solidus or 
with a temperature region of low ductility have both 
been unsuccessful. Although Fig. 19 shows little 
correlation between hot cracking and low ductility at 
about 1000°C., certain trends can be discerned 
which suggest a relation between these two factors. 
This would tend to support though not prove the 
hypothesis that hot cracking occurs around 1000°C. 

The essential weakness of the tests reported is that 
they have all been performed on reheated weld metal. 
No evidence has been produced relating the tests to 
the mechanical properties of weld metal on first 
solidification and cooling. One major consequence of 
reheating would be to promote homogenization. The 
effect of this on the test results is not known. It appears 
likely that direct methods of measuring cracking 
temperature, such as that used by Antonioli,* might 
offer more promise, despite basically difficult experi- 
mental techniques. 


Conclusions 
—s 
|. There is little correlation between the suscepti- 
bility of weld metals to hot cracking and the value of 
the minimum reduction in area obtained in high- 
temperature tensile tests at about 1000°C. 

2. There is no correlation between the susceptibility 
of weld metals to hot cracking and their temperature of 
rupture under a small dead load. 

3. Neither the minimum ductility of weld metals in 
the temperature range 900-1100°C. nor the ductility 
at 1280°C. is appreciably influenced by atmospheres of 
hydrogen or nitrogen. 

4. The ductility of weld metal in the temperature 
range 750-1200°C. is not sensitive to the changes in 
microstructure between an unrefined top run and 
normal weld metal produced by a multi-run technique. 

5. Weld metal, after limited hot work, still shows a 
minimum in ductility at about 1000°C., but much 
reduced in its severity. 
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B.W.R.A. REPORT 


An Investigation of Hot Cracking 
in Low-Alloy Steel Welds 


By P. W. Jones, M.SC., A.1.M. 


This is the first part of a paper on the weld metal cracking of low-alloy steels. 
It describes an investigation of the hot cracking of weld metal deposited on 
various steels of this type. The effects are shown of some alloying elements 
(carbon, nickel, copper, chromium, and aluminium) which might be derived 
either from the electrode or from the alloy steel plate. The effects of preheating 


and weld size are also considered. 


Within the normal limits, the effects of both factors are negligible. It is con- 
cluded that, to ensure freedom from hot cracking, composition limits for the 
weld metal should be specified, and suggested limits are given. 


N THE history of welding low-alloy high-strength 
| structural steels, cracking in the heat-affected zone 

has been an ebvious problem, and considerable 
effort has been devoted to its study.* In addition to 
this form of cracking, welds in such steels might be 
liable to cracking in the weld metal itself. Since any 
form of cracking might endanger the safety of the 
welded structure, a study of weld metal cracking has 
been undertaken and this paper describes the part of 
the work devoted to hot cracking. A parallel investiga- 
tion of cold cracking (fissuring) is to be reported by 
T. E. M. Jones.’ From a practical viewpoint it was desir- 
ed to show whether weld metal cracking could still occur 
under conditions that were safe from heat-affected 
zone cracking. It -was also intended to provide in- 
formation that would lead to the specification of a 
test or the precautions needed to avoid weld metal 
cracking. 


Present State of Knowledge 


Hot cracks are those which form during solidifica- 
tion or cooling of a weld. For aluminium alloys,*: ® it 
has been established that cracking generally occurs at 
temperatures above the solidus, and is substantially 
the same phenomenon as the hot tearing of castings. 
For steel, there is still doubt whether the cracks occur 
at temperatures above or below the solidus, but it is 
generally accepted that they occur at very high 
temperatures, certainly above 1000°C. Other types of 
crack may occur at lower temperatures. 

A hot crack in a metal-arc weld in steel is normally 
longitudinal through the throat of the weld. It can 
usually be seen as soon as the slag is removed, although 
occasionally it may be so narrow as to be invisible to 





* See for example “Arc welding low alloy steels’’ British Weld- 
ing Research Association, 1956. 


the naked eye. Phe surfaces of the cracks exhibit a 
characteristic blue colour, and under the microscope 
the intercrystalline nature of the fracture is readily 
apparent. In contrast, fissures which are formed at or 
near room temperature are generally transcrystalline. 
It is often thought that hot cracking of welds is the 
same phenomenon as hot tearing of castings; for steel, 
as in aluminium alloys mentioned above, the two 
defects have many similarities.*-° According to 
Apold,® the stresses causing hot cracking are raised by 
increased rigidity of the element, or by concavity of 
the bead surface; convexity reduces the stresses. 

Notable reviews of the literature have been pub- 
lished by Williams, Rieppel, and Voldrich,’ and by 
Spraragen and Claussen.* It is clear®» * that sulphur 
is primarily responsible for hot cracking, and that 
manganese is beneficial in counteracting the effect of 
sulphur.’ Carbon has been shown to be detrimental to 
hot cracking,® *:'° although it has been suggested® 
that the cracks associated with high carbon content 
are different in form and appearance from those due 
to sulphur. The effect of 0-5 °%% nickel has been found" 
to be detrimental, while molybdenum is reported® to 
be beneficial. Boron is stated* to promote red short- 
ness in steel and to give a pronounced hot-cracking 
tendency. 

The mechanism of hot cracking has genera'ly been 
supposed to be a weakening of the cooling weld 
caused by the presence of a liquid film rich in impuri- 
ties and of low melting point. This theory appears to 
explain the two best known facts about hot cracking. 
The deterimental effect of sulphur is explained by its 
tendency to form sulphides of low melting point. The 





Part 1 of Report FM.3/128/58 of the British Welding Research 
Association, issued to members in December 1958. 

Mr. Jones, formerly a Senior Research Officer with the Associa- 
tion, is now with Marshall's Flying School Ltd., Cambridge. 
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beneficial effect of manganese, which is known to have 
an affinity for sulphur, would result from the relatively 
high melting point of manganese sulphide. 


Testing Methods 


Five types of test were first tried to find a suitable 
method for assessing hot-cracking susceptibility. The 
tests were: 

(i) A fillet weld laid over a controlled slit, machined parallel 

or transverse to the direction of welding 

(ii) A weld laid from the edge to the centre of a square plate, 

using various forms of double-V or double-U preparation 
or alternatively a slot in the plate. Various plate thick- 
nesses were used 

(iii) A ‘fishbone’ test ** consisting of a rectangular mild steel 

plate 44 x 2} x4 in. thick containing a series of slots of 
graduated depth 

(iv) A square test piece of | in. plate in which a circular 

groove was machined. (A weld made with a highly crack- 
susceptible electrode showed no visible cracking). 

The Murex hot-cracking test, in which a controlled 
relative motion is maintained between two test plates 
during the deposition of a fillet weld under standard 
conditions. 


Consistent results were obtained only with the 
Murex test, and consequently this was adopted 
throughout the remaining investigation. Although it is 
possible that the other tests could have been developed 
to give consistent results, there was a good background 
of experience with the Murex machine,'* and no 
development work was necessary. 


Murex Hot-Cracking Test 


The principle of the test is that a fillet weld is laid 
between two small plates 32» 4 in. held in rigid 
clamps as indicated in Fig. |. Five seconds after 
Striking the arc, the rotation of one of the plates about 
the root of the weld is started so as to open out the 
weld. This rotation continues at constant speed until 
the moving plate has been turned through 30°. 
Various rotational speeds, numbered | to 9, can be 
used to suit the gauge of electrode and the severity of 
test required. The electric motor which applies the 
rotation is of sufficient power for the speed to be un- 
affected by the resistance to deformation of the weld 
metal. The machine is shown diagrammatically in 
Fig. 2. A detailed description has been given by 
Rollason.* 


— Lower plate 
after test 


Lower plate / 
before test 4._ / 


1—Murex hot-crack test specimen, showing positions at start and 


end of test 
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Handwheel 
for Hand 
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Coupling 


ee 
Clutch 
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Gearbox 


2 HP Motor 


Clutch Operating 
Pedal 


2—Section through Murex hot-crack machine 


Any crack obtained usually runs longitudinally 
through the weld, and, since the rate of strain and the 
total strain applied to the fillet both diminish during 
welding, it is logical to assess the severity of cracking 
by measuring the length from the start of the weld to 
the end of the crack. Cracking in the weld crater is 
normally ignored, and complete cracking is reported 
as 2-5 in. allowing $ in. for the crater. 

Standard conditions 
As a result of numerous tests using mild steel 


plates,"* the following standard conditions were 
adopted: 


Alternating Current 
Open-circuit voltage 
Length of electrode 
per inch of weld 2 in. 
Machine speed number 6 (1:10° sec) 


170 amp 
100 V 


These conditions were known to discriminate well 
between electrodes differing only slightly in their hot- 
cracking propensity. 


Alloy Weld Metal Tests (using Mild Steel Plate) 


Methods of introducing alloying elements 


The effect of hot cracking of various elements was 
assessed by tests in which, by special techniques, the 
concentration of the element in the weld could be 
varied without affecting the concentration of other 
elements. It would be difficult to effect this variation 
by the use of alloy steel plates, since elements other 
than the one being studied would inevitably vary in 
successive casts. The techniques used were: 

(i) The introduction of an element to the parent plate by a 


diffusion heat treatment; the weld metal is then enriched 
in this element by the normal process of dilution. The 
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Table I 


Murex hot-cracking tests using mild steel plate with nickel wire 
additions 
(Crack length in inches) 





Wire addition Electrode Code 
and BS.1719 classification 
Dia., Number AP N 40 


in. Ik F646 F614 F616 


none . 0-5 nil nil 
: 0-45 nil 


9.9 


nil, nil 


0-45 
0-35 


0-0116 


0-0164 1-9 
5 2-0 
0-1 


0-0164 


0-0164 


0-0164 


0-0164 





Table Ul 


Murex hot-cracking tests on mild steel plates with nickel wire 
additions 





Electrode Ni wires added Crack 


length 


Composition 


Class Code No. 
E.319 E 


Dia., in. Mn, 


0-42 


fo By Zo Ms 7 

0-029 nil 
0-40 
0-88 
1-26 


none 
l 0-0164 
2 0-0164 
3 00-0164 


0-39 0-027 


none 
l 0-0116 
I 0-0164 
2 0-0164 


0-024 trace 
0-16 
0-42 
0-024 0-79 
none 0-020 __—inil 

0-0164 0-42 
0-0164 0-83 
0-0164 1-26 
0-0164 1-60 
0-0164 0-018 2°36 


none 
| 0-0116 0-24 
0-0164 0-47 
0:0164 0-65 


0-0164 0-86 0-019 0-79 


none 
I 0-0164 
2 0-0164 
3 0-0164 


1:02 0-024 trace 
0-40 
0°63 


0-95 0-020 0:83 





* Porous start + Porous weld 
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found that all welds containing 0°16°, C and over 
were cracked, irrespective of Mn/S ratio, although he 
did not investigate ratios exceeding 40. 


Effect of nickel 

Control tests were first made with pure iron wires 
placed in the root of the fillet before welding. These 
established that the presence of a wire did not affect 
the severity of cracking. Preliminary experiments were 
then carried out using nickel wires; these indicated 
that calculated nickel contents of about 0-65°, in the 
weld metal produced an increase in hot cracking when 
using electrode E* (class E319 of the BS.1719 classific- 
ation). 

More extensive tests were then made, and the crack 
length measurements are given in Table II. The wires 
could be observed during welding, and a few tests in 
which they failed to melt uniformly and regularly 
were rejected. The nickel wire did not affect the arc 
time nor the energy input. There is a marked scatter 
in the results of Table II although the detrimental 
effect of nickel is clearly demonstrated. 

Some of the welds were analysed, and their composi- 
tions and crack lengths are given in Table III]. The 
electrodes used appear to vary considerably in their 
tolerance for nickel, and although there is a trend for 
the weld metals of high Mn/S ratio to withstand 
rather more nickel without cracking than those of low 
Mn/S ratio, the correlation is poor. Electrodes N and 
AQ gave the best tolerance for nickel; about | °%, could 
be added to the weld metal without seriously increasing 
the severity of hot cracking. 


Effect of other elements 

Copper—Two Murex tests were carried out using 
electrode E and a copper wire of 0-022 in. dia.; these 
gave crack lengths of 1-3 and 1-1 in. The copper 
content of the weld which cracked to | -3 in. was found 
to be 0-99°,. Similar tests using the same batch of 
electrodes and pure iron wires gave crack lengths of 
0-5 and 0-6 in., indicating that copper increases hot 
cracking. However, this method of inserting a wire is 
not very satisfactory owing to the low melting point 
of copper. 

Chromium—A test in which 0-5 g of chromium 
powder was spread along the root of a fillet gave (with 
electrode E) a crack length of 0-6 in. and the weld 
metal was found to contain 0-83°, chromium. This 
method of introducing chromium was not considered 
to be satisfactory in view of the likelihood of segrega- 
tion along the length of the weld. The result suggests 
that chromium does not increase hot cracking, but 
confirmatory work is required. 

Cerium—A small but undetermined quantity of 
mischmetall (50°, cerium) introduced to a nickel- 
containing weld resulted in a slight improvement in 
resistance to hot cracking. This result was not un- 
expected, as it is understood that cerium additions 
improve the hot-tearing properties of cast steels. 

Aluminium—Preliminary tests were carried out on 
plates calorized for 6 hr at 895°C. in the following 
powdered mixture: 





* The electrode codes are the same as those used in a previous 
report.’* 
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concentration of the desired element is varied by altering 
the time of the diffusion heat treatment. This method has 
been used successfully for carbon, and preliminary 
experiments have been made with aluminium 

To place a wire of the desired element in the root of the 
fillet before welding. The concentration of the element is 
varied by altering the diameter of the wire or by using 
more than one wire. This method was successful for 
nickel, and was also used with less success for copper, 
and (with heavily chromium-plated iron wires) for 
chromium. Carburized iron wires were used to introduce 
additional carbon into the weld metal, but it was found 
impossible by this means to increase the carbon content 
of the weld metal by more than 0:03°,: method (i) 
was therefore preferred 


Effect of carbon 

In parallel work": '® it has been shown that the 
Mn/S ratio is an important factor in controlling the 
hot cracking of mild steel welds. The effect of carbon 
(in the range 0-06-0-30°,) has now been investigated 
for a range of Mn/S ratios in the absence of other 


Table I 


Murex hot-cracking tests using mild steel plates with and without 
carburizing treatments 





Carburiz- Crack 
ing time, length, 
hr in 


E356 Al nil 0-85 
E356 Al nil 0-75 
E614 WN nil* 1-0 0-61 0-043 14 
E619 AV nil 18 0-55 0-038 14 
E646 AP nil 0-4 0-48 0-034 14 
E646 AP nil nil 0-53 0-032 


Electrode 
Class Code 


Weld metal composition 
Mn, S, MnS C, 
- ratio y 
13-6 


17-7 


0-094 
0-085 
0-066 
0-085 
0-094 
0-094 


0-53, 0-039 
0-53, 0-030 


»?> 
‘S 
6 


0-021 
0-035 
0-034 
0-024 
0-023 
0-035 


0-144 
0-130 
0°135 
0-162 
0-250 
0-093 


0-90 
0-34 
0-51 
0-68 
0-87 
0-34 


E616 AQ — 
E319 F a 
E219 B = 
F616 AO te 
E616 r 
E319 £ nil 


aA 


DDI bw 


tyu—tuiNrh— 


0-084 
0-093 
0-061 
0-212 
0-086 
0-234 


0-51 0-036 
0-70 0-028 
0-41, 0-041 
0-45, 0-041 
0-68, 0-036 
0-84, 0-038 


E219 B nil 
E616 AO nil 
E319 nil 
E319 4 
E219 nil 
E219 a 


0-51, 0-023 0-084 
0-65, 0-024 -] 711 
E616 nil 0-89, 0-028 111 
E616 4 2-2 0-91, 0-026 243 
E616 nil 1-13, 0-020 105 
E616 t 4 l 1-08, 0-027 301 


F614 nil 
E614 4 


0-61, 0-027 183 
0-90, 0-025 188 
0-96, 0-033 193 
0-44, 0-039 . 157 
0-65, 0-032 158 
0-42, 0-041, 10-2 121 


E219 
E616 
E616 
E319 
£614 
E319 


—tutvrutty 
——he = hot 


~aouwo-—s 
a 


0-2 0:64 0-026, 24-2 130 
0-6 0-41 0-027, 15-2 106 
nil 0-60 0-030 20-0 122 
1-5 0-90, 0-031, 29-0 147 
2-1 0-92, 0-026, 35-0 0-150 
2:1 1:10 0-028, 38-4 158 
nil 1:14 0-019, 59-0 155 


E614 
E614 
E219 
F616 
E616 
E616 AQ 
E616 AQ 





* Electrode impregnated with sulphur 
** Only one of the two test plates carburized (for over 4 hr) 
+ Both plates heavily carburized 


alloying elements, and it is possible to examine the 
relative importance of these factors. 

Tests were carried out according to the standardized 
procedure, using mild steel plates previously carbur- 
ized for various times (0, 1, 2 and 4 hr) at 895°C. in 
Kasenit No. 6 pack-carburizing medium. The elect- 
rodes were chosen so as to give a wide range of Mn/S 
ratios. After welding, the individual welds were broken 
open for the measurement of crack length, and 
analysis samples were taken from each. 

Table I gives the analysis of each weld and the length 
of crack obtained, together with the plate carburizing 
treatment, the electrode code letter and the BS.1719 
classification. The results are presented graphically in 
Fig. 3, where the number by each point shows the 
measured crack length in inches. Contour lines have 
been sketched which represent crack lengths from 
0 to 2-5 in. at intervals of 0-5 in. 

This diagram shows that carbon has an important 
influence on hot cracking, as assessed by Murex tests. 
In the range 0-06 to 0-11°% C, the Mn/S ratio is the 
controlling factor, crack-free welds being obtained for 
Mn/S ratios exceeding about 22. Above 0-11% C, 
carbon content becomes more important, but freedom 
from cracking is still obtainable up to 0-125°, C by 
increasing the Mn/S ratio to 30. With carbon contents 
over 0-13°,, cracking is more prevalent, but high Mn/S 
ratio is still beneficial even at the highest level of 
carbon investigated. The highest carbon content for 
which a completely crack-free weld was obtained was 
0-155°,, with a Mn/S ratio of 59. 

The results suggest that, in practice, welds subjected 
to restraint may be liable to hot cracking if the carbon 
content of the weld metal exceeds 0-15°,. The corres- 
ponding carbon content of the plate will depend upon 
the dilution; the carbon derived from the electrode is 
usually very small, so that, assuming 50°, dilution, hot 
cracking would be likely to occur when using plates 
containing more than 0-3°, C. 

[he present results are very similar to those obtained 
by Podgaetskii'® who used the submerged-are process 
and assessed the cracking tendency by a T-test. He 
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3—Effect of carbon content and Mn’S ratio on severity of hot 
cracking in Murex test on mild steel plates 
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Table II 


Murex hot-cracking tests using mild steel plate with nickel wire 
additions 


(Crack length in inches) 





Wire addition Electrode Code 


and BS.1719 classification 
Dia., Number 4P N AO 
in, F646 F614 F616 


none 0-5 nil nil 
0:45 nil 


9.9 


~ a 


nil, nil 


0-0116 


0-0164 


0-0164 


0-0164 


0-0164 


0-0164 





Table Ill 


Murex hot-cracking tests on mild steel plates with nickel wire 
additions 





Ni wires added 


-ctrode c rack 
length 
m3.:5%4 MA & 

0-42 0-029 _ nil 1:4 

0-40 1-65 
0-88 05 
1-26 


Composition 


Code No. 
E none 


Dia., in. 


0-0164 
00-0164 . 
0-0164 0-39 0-027 : 


0-49 0-024 trace 
0-16 
0-42 


0-79 


0-0116 
1 0-0164 
2 0-0164 


0-51 0-024 


none 0-62 0-020 nil 


0-0164 0-42 
0-0164 0-83 
00-0164 1-26 
0-0164 1-60 
0-0164 0-018 2:36 


none 
0-0116 0:24 
0-0164 0-47 
0-0164 0-65 
0:0164 0-79 


0°86 0-019 


1:02 0-024 trace 
0-40 
0°63 
0°83 


0-0164 
0-0164 
0-0164 


0-95 0-020 





* Porous start * Porous weld 
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found that all welds containing 0-i16°, C and over 
were cracked, irrespective of Mn/S ratio, although he 
did not investigate ratios exceeding 40. 


Effect of nickel 

Control tests were first made with pure iron wires 
placed in the root of the fillet before welding. These 
established that the presence of a wire did not affect 
the severity of cracking. Preliminary experiments were 
then carried out using nickel wires; these indicated 
that calculated nickel contents of about 0-65 °% in the 
weld metal produced an increase in hot cracking when 
using electrode E* (class E319 of the BS.1719 classific- 
ation). 

More extensive tests were then made, and the crack 
length measurements are given in Table II. The wires 
could be observed during welding, and a few tests in 
which they failed to melt uniformly and regularly 
were rejected. The nickel wire did not affect the arc 
time nor the energy input. There is a marked scatter 
in the results of Table II although the detrimental 
effect of nickel is clearly demonstrated. 

Some of the welds were analysed, and their composi- 
tions and crack lengths are given in Table Ill. The 
electrodes used appear to vary considerably in their 
tolerance for nickel, and although there is a trend for 
the weld metals of high Mn/S ratio to withstand 
rather more nickel without cracking than those of low 
Mn/S ratio, the correlation is poor. Electrodes N and 
AQ gave the best tolerance for nickel; about | °,, could 
be added to the weld metal without seriously increasing 
the severity of hot cracking. 


Effect of other elements 

Copper—Two Murex tests were carried out using 
electrode E and a copper wire of 0-022 in. dia.; these 
gave crack lengths of 1-3 and 1:1 in. The copper 
content of the weld which cracked to | -3 in. was found 
to be 0:99°,. Similar tests using the same batch of 
electrodes and pure iron wires gave crack lengths of 
0-5 and 0-6 in., indicating that copper increases hot 
cracking. However, this method of inserting a wire is 
not very satisfactory owing to the low melting point 
of copper. 

Chromium—A test in which 0-5 g of chromium 
powder was spread along the root of a fillet gave (with 
electrode E) a crack length of 0-6 in. and the weld 
metal was found to contain 0-83°, chromium. This 
method of introducing chromium was not considered 
to be satisfactory in view of the likelihood of segrega- 
tion along the length of the weld. The result suggests 
that chromium does not increase hot cracking, but 
confirmatory work is required. 

Cerium—A small but undetermined quantity of 
mischmetall (50°, cerium) introduced to a nickel- 
containing weld resulted in a slight improvement in 
resistance to hot cracking. This result was not un- 
expected, as it is understood that cerium additions 
improve the hot-tearing properties of cast steels. 

Aluminium—Preliminary tests were carried out on 
plates calorized for 6 hr at 895°C. in the following 
powdered mixture: 





* The electrode codes are the same as those used in a previous 
report.’* 
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50% aluminium-iron (50°) hardener alloy 
49°. alumina 
| “4, ammonium chloride 


Table IV shows that an appreciable amount of 
aluminium was picked up by the weld metal, but that 
the aluminium content appears to vary considerably 
for the three classes of electrode used. There were too 
few tests to permit definite conclusions, but the effect 
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4— Effect of Mn §S ratio on severity of hot cracking in Murex 
test on Fortiweld II steel (Mo-B) 


Table I\ 


Preliminary Murex hot-cracking tests on mild steel plates with 
aluminium additions 


of aluminium on hot cracking does not appear to be 
very great. 


Table VI 
Murex hot-cracking tests using Fortiweld LI (Mo-B) steel 





Electrode Weld metal composi- Crack length, 
BS.1719 Code tion, °% Mn'S in, 
class Mn S ratio 
E219 B 0-74 0-025 
0-62 0-027 


~ 
—_ 


4) 


E319 0-38 0-038 
0-40 0-037 
0:42 0-037 
E319 


E614 0:58 0-022 
068 0-025 

0-58 0-025 

0-56 0-022 

0-57 0-024 

0-59 0-025 

1-08 0-040 

1-04 0-044 

1-11 0-038 

0-83 0-025 

0-87 0-025 

0-90 0-024 

AQ 1-13 0-023 
1-09 0-029 

1-06 0-024 . 

AQ** nil 


ae Ee eae hs de aes Sr 
wa 


=H=ONWEROABORIBDE 





* Special batch + Batch 198902 = ** Early batch 


Table VII 
Murex hot-cracking tests using steel D (Mn—Ni—-Cr—Mo) 





Electrode Plate 4]. in weld Crack length 
BS.1719 Code metal, 

Class 
E219 B 0-03 
E219 B 
E319 I Calorized 0-07 
£319 mild steel 
E616 AO 0-14 
F616 AQ 


E219 B 
E319 I 
E616 
E616 


Mild steel 





Electrode Weld metal Mn'S Crack length, 
BS.1719 Code composition, °. ratio in, 
class Mn . 


E319 E® 0-47, 0-034, 13-6 0-8 
0-49, 0-034 14-4 1-15 
£646 AP 0-64, 0-027, 23-3 0-3 
0-47, 0-026, 17-7 nil 
E614 N 0-70, 0-026, 26-2 0-5 
0-73, 0-021, 34-7 0-25 
E616 AO 1-06, 0-020, 51-0 nil 
1-04, 0-020, 50-0 nil 
E616 AO 1-29 0-020, 63 nil 





* Special batch 


Table \ 
Compositions of alloy and mild steel plates used in hot-cracking tests 





Steel Plate 

Designation Type : S 
Fortiweld Ll Mo-B 0-040 
D Mn-—Ni-Cr-Mo 0-039 
Ducol W.25* Mn-Mo 0-025 
ID 2% Ni 0-030 
E27 Ni-Cr—-Mo 0-014 

E27(HC) Ni-Cr—Mo-¥ 

Mild steels 0-048 

to 


0-052 


Composition, ~ 

P Mn Ni Cr Mo B 
0-034 0-55 0-49 0-0028 
0-016 1-05 I 0-31 
0-019 1-48 0-3: 0-28 
0-016 0-66 a3 
0-012 O67 2: 
0-014 0°55 3 
0-028 0-49 0- 

to to 
0-037 0-57 0-05 


0-61 
( 0-65 





* Cast analysis 
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Table X 


Murex hot-cracking tests using steel E27 (Ni-Cr—-Mo) and 
ID (2% Ni) 


Table VIII 
Murex hot-cracking tests using Ducol W25 (Mn—Mo) steel 








Mn’S_— Crack length, 
ratio in. 


Electrode Weld metal 
BS.1719 Code composition, °., 
class Mn } 


Electrode 
BS.1719 class 


Plate Crack length, 


Code in. 


E319 


E319 


E614 


E614 


E* 


AO 


AP 
AQ 


AQ** 


0-47 
0-42 
0:43 


0-61 
0:66 
0-66 
1-18 
1-15 


0-038 
0-038 
0-038 


0-019 
0-026 
0-023 
0-037 
0-032 
0-036 
0-026 
0-024 
0-023 
0-020 


0-017 
0-026 


I 
l 
1 


E27 


ID 


E219 
E646 
F616 
E319 


B 

AP 
AQ * 
Et 


1-85 
2°3 
1-75 
0-3 


> hwwwwnnw 
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Murex hot-cracking tests using E27 (HC) steel (3°, 
Mo-V, high carbon) 


* Special batch 


+ Batch 198902 


Table IX 


** Early batch 


Ni-Cr 





Electrode 


BS.17 


class 
E319 


E614 


E614 


E616 


E616 


19 Code 


E* 


N 


O 


AO 


AQ 


Weld metal 
composition, ~ 


Mn 


0-36 
0-38 
0-38 
0°52 
0:59 
0:56 
0-99 
0-95 
0-99 
0-78 
0-78 
0-92 
0-89 
0-82 


S 


0-032 
0-026 
0-036 
0-016 
0-024 
0-021 
0-025 
0-037 
0-028 
0-015 
0-017 
0-017 
0-014 
0-016 


Mn S Crack length, 
ratio in 


11-3 
14-6 
10°6 
32:5 


= dn 
> 


COeO — Aw wNO RK KN 
‘a 


NeKNNK—NNNNOs NN 





* Special batch 


nil 





* Early batch ¥f Batch 198902 
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5S—Effect of Mn§ ratio on severity of hot cracking in Murex 
test on steel D (Mn—Ni-Cr-V) 


Tests Using Alloy Steel Plate 


The compositions of the alloy steel plates used are 
given in Table V, together with the range of composi- 
tion for the mild steels used in comparative tests. 

Tables VI-X contain the detailed results of crack 
length measurements for each alloy steel, and also the 
manganese and sulphur contents determined on most 
of the weld metals. 

The hot-cracking propensities of the steels may be 
readily compared by examining the summarized 
results in Table XI, which also includes typical 
results for mild steels of the compositions given in 
Table V. When using a given electrode, Ducol W.25 


Table XI 
Summary of hot-cracking test results for alloy and mild steel plates 





Steel Plate Mean crack length (in.) for the following electrodes 
(Code and BS.1719 classification) 

Et N Oo AO AQ 
E319 F6l4 F614 E616 E616 
0-75 (2) 1:4(6) 0O5(3) nilG) nil G) 

0-4 (2) nil (2) nil (1) 
0-3 (3) 0-33) nil 3) 


Designation Type 
B E* 
E219 E319 
0-8 (3) 1:8 (3) 
1:0 (2 
1-3 


AP 
E646 


AQ** 
F616 
Mo- nil (1) 
Mn-—Ni-Cr—-Mo 
Mn-Mo 

2% Ni 
Ni-Cr—Mo 
Ni-Cr—Mo-¥ 
Mild steels 


Fortiweld II 
D 0-15 (2) 


Ducol W.24 0-2 (2) 0-3 (3) 0-15 (2) nil (1) 
0-15 (2) 
1-85 (1) 1-75 (1) 


1-9 (3) 


2-31) 
1-943) 20(1% 
1-5 (3) 6 (2) 


0-3 (2) 0-65 (2) 





Figures in parentheses denote the number of test results 
* Special batch ‘¢ Batch 198902 §Alsonil(1)and0-1(1) ** Early batch 
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Effect of Mn’S ratio on severity of hot cracking in Murex 
test on Ducol W.25 steel (Mn-Mo) 


steel gives slightly shorter crack lengths than mild 
steel, probably because of its high manganese and low 
sulphur content. The small amounts of nickel and 
molybdenum in this steel seem to have a relatively 
minor effect 

Steel D, which, in addition to 0-31 °. Mo, contains 
1°, each of Mn, Ni, and Cr also compares very 
favourably with mild steel. This suggests that the 
beneficial high manganese content has outweighed any 
possible detrimental effect of the other alloying 
elements. 

For Fortiweld II steel (Mo-B), cracking was 
slightly more severe than in mild steel, possibly indicat- 
ing that boron increases the tendency to hot cracking. 

Steels £.27 and £.27(HC) (Ni-Cr-Mo and Ni-Cr 
Mo-V) show severe hot cracking, which may be due 
to their higher carbon contents; it is not possible to 
make any deductions regarding the effect of the other 
alloying elements 

Limited tests on steel /D, which contains over 2°, 
Ni, show that this also compares favourably with mild 
steel, suggesting that the effect of differences in 
manganese and sulphur are sufficient to outweigh the 
detrimental effect of nickel (already shown by wire 
additions) 

In Figs. 4-7, crack lengths have been plotted against 
weld metal Mn/S ratio for four steels. A curve for 
mild steel, taken from previous work!’ has been 
included for comparison. This presentation permits 
the steels to be compared under conditions of con- 
stant Mn/S ratio in the weld. This may be misleading 
if an appraisal of the hot-cracking propensities of the 
steels is required, but it enables conclusions to be 
drawn regarding the effects of elements other than 
sulphur and manganese. Ducol W.25 and steel D have 
almost identical curves. The compositions are similar 
except that steel D contains approximately 1°, each 
of nickel and chromium. Three alternative deductions 
may be made from a comparison of these two steels: 

(i) Both nickel and chromium have 

effect on hot cracking 

(ii) The detrimental effect of nickel is balanced by the 

beneficial effect of chromium in steel D 
(iii) The detrimental effect of chromium is balanced by the 
beneficial effect of nickel (again in steel D) 


an almost negligible 


Since nickel has already been shown to increase hot 
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Effect of Mn/S ratio on severity of hot cracking in Murex 
test on E.27( HC) steel (Ni-Cr—Mo-V ) 


0 \0 20 


cracking, deduction (ii) appears to be the most likely, 
and it follows that chromium is beneficial. 

Steel £.27(HC) gives severe cracking, which is 
diminished only slightly with increasing Mn/§ ratio. 
This steel is high in carbon and nickel, and it seems 
likely that the principal cause of the severe cracking 
is the high carbon content. 


Effect of Preheat 


Preheating is frequently adopted as a means of 
avoiding cold cracking in the weld metal, or in the 
heat-affected zone, owing to the presence of hydrogen. 
In consequence, it was thought desirable to determine 
the effect of preheating on hot cracking. 

Preheating may be expected to influence cracking at 
high temperatures in several ways. Firstly, by diminish- 
ing the thermal gradients it may reduce the stresses 
which the weld is required to withstand and thus be 
beneficial. Secondly, by decreasing the rate of cooling, 
it will increase the time at which the weld metal is at 
high temperatures,* and if the weld metal is hot- 
short, cracking may be increased. Thirdly, as pointed 
out by Medovar,’’ retardation of crystallization rate 
results in increased diffusion, which should reduce 
dendritic segregation, and consequently increase the 
temperature of complete solidification and reduce 
cracking. For low preheat temperatures (up to 250°C.), 
Murex hot-cracking tests show that there is no effect. 
Since the test applies restraint by a positive relative 
movement of the two test plates, preheating would not 
diminish this restraint as it might be expected to in a 
practical weld, and therefore the test would be ex- 
pected to emphasize any detrimental effect of pre- 
heating. 

Tests were carried out as already described, using 
steel D (Mn-—Ni-Cr-—Mo) and five electrodes chosen to 
give a wide range of Mn/S ratios in the weld metals. 
The plates were preheated (in a forced air circulation 
furnace) and tests were carried out successively at 
room temperature, 100°, 175° and 250°C. Tests under 
standard conditions could not be made at tempera- 
tures above 250°C. owing to excessive melting of the 
plate. 





* This effect may be negligible. 
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Table XII 


Crack lengths (in.) for various preheat temperatures 
(Murex hot-cracking test and Mn-Ni-Cr-Mo steel D) 





Electrode 
Room 


0-8 1-15 
0-3 nil 0-25 
0:5 0-25 0-4 
AO nil nil nil 
AQ nil nil 


Class Code 
E319 E 
E646 AP 
E614 N 
E616 
E616 


1-75 


100 175 


Preheating temperature, C 

250 
0-95 ‘0 
0-45 °S 
0-45 *45 nil 
0-2 il 3 0-2 
nil ‘3 nil 


0-9 
(0-4) 





The measurements in parentheses refer to tests in which there was a small departure from standard conditions 


Table XIII 


Murex hot-cracking tests for welds of different sizes on mild steel 





Electrode 
Class Code 


Current, Arc time, 


amp 


Gauge, 
S.W.2 


170 
158 
149 
118 
118 
192 
215 
209 
210 


169 
205 
120 
120 


170 
150 
150 
180 
180 


Electrode 
length, in. 


Arce enereg\ 


kJ in. 


Equivalent Crack length, 
fillet leg length, in. 
in, 
0-34 
0-30 


a 


A 
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* Machine speed 7 (all other tests at speed 6) 


Individual crack measurements are given in 
Table XII. For the reported crack lengths of 0-2 to 
0-5 in., there was generally some porosity at the start 
of the weld. 

It appears that preheating to slightly elevated 
temperatures had no significant effect upon crack 
length. It can also be inferred that preheating had no 
effect upon the striking or starting porosity which was 
encountered with the basic (low hydrogen) electrodes. 


Effect of Weld Size 


Murex hot-cracking tests were made with welds of 
different sizes, obtained by varying the gauge and 
length of electrode deposited. The burn-off rate was 
controlled by varying the current. 

Three brands of electrodes were used; two of these 
were available in different gauges which had been 
covered with the same batch of flux, and had similar 
core wire composition. The arc time was kept as 
constant as possible and the crack length results for 
the different sizes of welds should therefore be 
comparable. 

The results of eighteen tests are given in Table XIII. 
They are placed in order of the arc energy per inch of 


+ Porous start 


weld, which has been shown by Bradstreet'® to be 
directly proportional to the leg length of fillet welds. 

This Table shows that for each of the three elect- 
rodes, the crack lengths do not vary appreciably with 
weld size. In practice, it has been observed® that hot 
cracking is worse with large diameter electrodes, 
possibly because they are commonly used to weld 
thicker sections and the conditions of restraint upon 
the weld may be more severe. 


Discussion and Conclusions 


Effects of steel composition 

1. In view of the beneficial effect of high Mn/S ratio, 
there are advantages to be gained by keeping the 
sulphur content as low as possible. This applies 
particularly if, for any reason, it is desired to limit 
the manganese content. High Mn/S ratio permits 
the presence of the maximum amount of those 
useful alloying elements which increase hot crack- 
ing, without exceeding a given level of hot-cracking 
susceptibility. 
. Manganese, in amounts of the order of 1%, 
exercises a beneficial effect on the resistance to hot 
cracking of low alloy steels. 
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3. Carbon increases hot cracking, and when steels of 
relatively high carbon content (0-3°, and over) are 
welded under restraint, it appears advisable to limit 
the dilution to ensure that the carbon content of the 
weld metal does not exceed about 0-15°,. 

. Nickel increases hot cracking, but relatively large 
amounts (about 1% in the weld metal) may be 
tolerated without serious cracking provided that a 
class 6 electrode, giving a high Mn/S ratio in the 
weld metal, is chosen. Steels containing less than 
2% nickel would not be expected to give rise to hot 
cracking due to this element, provided that reason- 
able precautions were taken. 

. Insufficient tests have been carried out to confirm 
the inference that chromium is beneficial to hot 
cracking, and may possibly counteract the harmful 
effect of nickel. 

. An indication has been obtained that copper, in 
amounts of the order of 1° in the weld metal, in- 
crease hot cracking. This large amount is not 
likely to be found in low alloy steel weld metals. 

. An indication has been obtained that mischmetall 
(50° cerium) may reduce hot cracking. 


The composition of the weld metal is most import- 
ant so far as hot cracking is concerned, and freedom 
from cracking is more likely if the dilution can be kept 
sufficiently low to avoid an undue concentration of 
deleterious elements. 


Effects of electrode type 

From the present investigation and parallel work on 
mild steel,'* it is clear that maximum resistance to hot 
cracking is afforded by electrodes which give a high 
Mn/S ratio in the weld metal. These are all of the 
basic-covered, low-hydrogen type (class 6, BS.1719). 
Considerable differences can be obtained between the 
Mn/S ratios for different brands of electrodes, and 
one giving a ratio exceeding 35 is to be preferred. 


Preheating and weld size 


Preheating is often applied to lower the cooling 
rate of a weld so as to obtain freedom from cracking in 
the heat-affected zone and also to give freedom from 
fissuring. It has been shown that moderate preheats 
(up to 250°C.) do not materially influence the severity 
of hot cracking. In consequence, if preheating is 
specified to give freedom from heat-affected zone 
cracking, the treatment may be applied without fear 
of promoting hot cracking. 

Small variations in weld size (using 6, 8, and 10 
s.w.g. electrodes) have been shown to have no effect 
on hot cracking in the Murex test. This is an indica- 
tion that, if a large diameter electrode is required to 
obtain a low cooling rate, it is unlikely that the risk of 
hot cracking will be seriously increased. This con- 
clusion is tentative only, since the electrode diameter 
may, in practice, alter the stress system imposed on 
the weld. Such differences would not be apparent in 
the Murex test. 


Specification to ensure freedom from hot cracking 


It is clear that hot cracking may occur under con- 
ditions which are safe against heat-affected zone 
cracking, for hot cracking depends on the composition 
of the weld metal, and cold cracking depends on the 
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composition and cooling rate of the heat-affected 
zone. The two defects are likely to be related only in 
their severity in as much as the composition of the 
parent plate affects the composition of the weld metal, 
owing to dilution. Consequently, it would be safer to 
specify a separate test to ensure freedom from hot 
cracking. 

It is difficult to specify a hot-cracking test, since 
little is yet known about the degree of restraint which 
is imposed upon practical welds during cooling. The 
resistance of weld metal to restraint conditions has 
already been partly evaluated, and has been shown to 
be largely a function of the weld metal composition. 
The simplest method of ensuring a low risk of hot 
cracking is, therefore, to prescribe limits for the 
various elements which promote or mitigate the 
defect. Tentative limits may be prescribed for elements 
which have been adequately investigated. These are 
as follows: 

Sulphur 0-035 °% max. 
Manganese 0-80°, min. 
Manganese/sulphur ration 35 min. 
Nickel 10°, max. 
Carbon 0-15°, max 


Weld meta! 
analysis 


It is apparent that these contents set an upper limit 
to the alloy composition of the parent plate; such a 
limit is not imposed by considerations of heat-affected 
zone cracking as this defect may be avoided by 
employing a sufficiently slow rate of cooling. No 
corresponding method of preventing hot cracking has 
yet been found, so that it is possible that, in the future, 
the problem of hot cracking may assume greater 
practical significance than at present. 
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NEWS 


and Announcements 





News of the Institute and Branches 


B.W.R.A. 


and Industry 


INSTITUTE ACTIVITIES 


MEETINGS 
Conference on the Training and 
Testing of Welders 


Because of unforeseen circumstances it 
has been decided that the Conference 
arranged to be held on 17th and 18th 
September 1959, at the offices of the 
Institute, shall be postponed 

A further announcement will be made as 
soon as a definite date has been fixed 


Spring Meeting 1960 


The Institute’s Spring Meeting for 1960 
will be held at Ashorne Hill, near Leam- 
ington Spa, in May. 

The overall theme is to be Recent 
Developments in Welding Processes and 
Their Applications. Definitive dates and 
further particulars will be announced as 
soon as possible. 


Closing of Library 


The Institute’s Library will be closed 
throughout the month of August for re- 
organization. Queries and applications for 
loans received during that period will not 
be answered until the first week of Sep- 
tember. 

Members who have books on loan are 
asked to ensure that they are returned to 
the Library before the end of July. 


APPEAL TO INDUSTRY 


The following list records subscriptions 
received, up to the end of March, since the 
publication of the last list in the December 
1958 issue of the Journal (p.576). 


Donation 
£52 10s. Aluminium Development Asso- 
ciation. 


Commonwealth Welding Conference Guaran- 
tee Fund 

The following have given the sums 
named, which were returnable to them as 
Guarantors of the Conference. 
£39 16s. 4d. The General Electric Co. Ltd. 
£10 or under. Anglo-Swedish Electric 


Other Societies 


Welding Co. Ltd.; Henry Hartley & Co. 
Ltd.; Invicta Electrodes Ltd.; Mechans 
Ltd.; Samuel Osborn & Co. Ltd.; Rich- 
mond Welding Co. Ltd.; W. H. Silvester 
Ltd. 

The total sum given or promised by the 
end of March 1959 is £9,262, made up of 
£5,932 Donations, £922 transferred from 
the Commonwealth Conference Fund, and 
£2,408 from the value of Annual Sub- 
scriptions over seven years. 


NEWS OF MEMBERS 


W. Barr, O.B.E., has been elected 
President of The Iron and Steel Institute for 
1959 60. 


Obituary 


The Council regret to record the deaths 
of: 

Sir William J. Larke, K.B.E., Honorary 
Fellow and Past-President of the Institute, 
a memoir of whom appears on p. 247 of 
this issue, on 29th April, aged 84. 

The funeral service took place at St. 
John’s Church, Sidcup, and was followed 
by cremation at Eltham on 4th May. Canon 
C. E. Webb officiated, assisted by the Rev. 
E. E. Turner. 

The Institute was represented by Mr. E. 
Seymour-Semper, Vice-President, and by 
the Secretary, Mr. G. Parsloe. The British 
Welding Research Association was repre- 
sented by Sir Charles Lillicrap, K.C.B., 
M.B.E., President 


Frank Brown, Chairman and Managing 
Director of The Finnieston Engineering Co. 
Ltd. (West of Scotland Branch — Member 
1945). 


BRANCH NEWS— Reports 
of Meetings 


p East Midlands | Diesel Engine Frames 


On Friday, 13th March, the Branch held 
a joint meeting with the Lincoln Engineer- 
ing Society, at the Technical College, 
Lincoln, when a paper on the “Design and 
Fabrication of Diesel Engine Frames” was 
presented by Mr. S. Cooper. 

Mr. Cooper gave a general description of 
1000 and 2000 h.p. engines, and stated that 
weight ratio was the first consideration for 


marine use, where the cost of fabrication by 
welding as opposed to the use of castings 
was not important. 

As much fabrication as possible is done 
in sub-assembly form, and then the com- 
ponents are brought together for final 
welding. Control of distortion was achieved 
by trial and error until a successful welding 
sequence had been developed. 

In the latest type of engine, castings are 
used for the main bearing housings, and 
butt welds are so placed that they are out- 
side the explosive load area. 

K.H.E. 


Annual General Meeting 


The Annual General Meeting of the East 
Midlands Branch was held at the Welbeck 
Hotel, Nottingham, on 7th April. 

Mr. H. L. Palmer accepted the Branch 
Presidency for a second year, and the 
Branch Chairman, Mr. K. H. Ewen, was 
re-elected for the 1959-60 session. 

At the end of the meeting two films were 
shown. The first was “The Vital Link”, 
showing the manufacture of solders and 
brazing spelters; the second was entitled 
“Boring at Sea”, and showed the fabrica- 
tion of a tubular boring rig for coal pros- 
pecting under the sea 

K.H.E. 


Gan Annual General Meeting 


The Annual General Meeting of the 
Manchester and District Branch was held 
in Manchester on Ist April. 

The meeting was opened by the Chair- 
man, Mr. R. D. Watson, who called on the 
Treasurer, Mr. J. T. Tatchell, and the Sec- 
retary, Mr. E. H. Lee, to present their 
reports. The Treasurer went into details of 
Branch expenditure and reported a satis- 
factory balance of cash in hand at the end 
of the year. 

The Secretary reported that the member- 
ship of the Branch had now risen to 338 of 
all grades. Nine meetings had been held in 
the year, and the average attendance for 
each meeting was 58 members and visitors; 
the actual figures were probably higher than 
this, for many people omitted to sign the 
attendance book. The Branch Dinner, at 
which 200 members and friends were 
present, had been, in the opinion of all 
those consulted, an unqualified success. 

The Branch Committee had collaborated 
with the Manchester Federation of Scientific 
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Speakers at the Manchester Branch Dinner 
(Left to right): J. Strong (President of the 
Institute); R. D. Watson ( Branch Chairman) 
The Lord Mayor of Manchester; T. Store) 


Societies in organizing a Conversazione and 
Exhibition on “Heat”, at the College of 
Science and Technology, early in the year 
As well as arranging to provide a number of 
the exhibits, members of the Committee 
acted as stewards at the exhibition 

In support of the Institute's recruiting 
drive, two special meetings had been 
organized to attract non-members. The first 
was held at Bolton on 13th October 1958, 
and the second in Manchester on 17th 
November. This latter meeting was par- 
ticularly successful, attracting 80 non- 
members in a total attendance of 107 

The Chairman announced that the new 
Committee for the 1959-60 session would 
be 

Chairman, J. M. Whitworth 

Vice-Chairman and Secretary, E. H. Lee 

4sst. Secretary, A. C. White 

Treasurer, J. T. Tatchell 


C ommittee 
J. W. Addie A.C. Mansell 
G. Bagley A. E.G. Rice 
T. Hill S. Wilde 
W.L. Mclvor R. D. Watson 


(ex officio) 


The retiring Chairman made a _ short 
speech, in which he thanked the various 
members of the Committee for their sup- 
port during the year, and afterwards in- 
vested the new Chairman with the badge of 
office 

The meeting closed with the showing of 
two interesting films, one dealing with the 
manufacture of glass, produced by Pilking- 
ton Bros. Ltd., and the other, a Mobiloil 
production, illustrating the building of 
Coryton Refinery 


Annual Dinner 


The Annual Branch Dinner was held on 
9th March at the Grand Hotel, Manchester 
Among the 200 members and guests present 
were The Lord Mayor of Manchester, 
Alderman James E. Fitzsimons, J.p., and 
the President of the Institute of Welding, 
John Strong, M.A. After the loyal toasts 
had been proposed by the Chairman, Mr 
R. D. Watson, a toast to “The City and 
Ports of Manchester” was proposed by Mr 
T. Storey, Chairman and Managing Direc- 
tor of T. Storey (Engineers) Ltd. He paid 
tribute to those Manchester pioneers who 
were responsible for creating the Port of 
Manchester by building the Manchester 
Ship Canal. The Lord Mayor responded, 
and ended a most amusing speech with a 


4. C. Main; Professor H. Wright Bake 


very serious plea for a better turn-out at 
Local Government elections 

The toast to “The Institute and the 
Branch” was proposed by A. C. Main, 
B.E., M.I.Mech.E., M.LE.E., Director of 
Manufacture of Metropolitan-Vickers El- 
ectrical Co. Ltd. Whilst pointing out that 
the work done by the Institute was wide in 
its scope and very considerable, Mr. Main 
emphasised that the tempo must be in- 
creased to meet the severe competition that 
British industry is suffering, and will con- 
tinue to suffer, from overseas manu- 
facturers 

The President of the Institute responded, 
and gave members some interesting and 
up-to-date information on the various 
activities of the Institute 

The Chairman, Mr. Watson, proposed a 
toast to “Visitors and Kindred Associa- 
tions’. After welcoming the visitors he said 
how sorry he was to learn of the indisposi- 
tion of the Secretary of the Institute, Mr 
Parsloe, who, after travelling up to Man- 
chester, was unfortunately not well enough 
to attend the Dinner 

Professor H. Wright Baker, B.Sc., 
M.1.Mech.E., Head of the Mechanical 
Engineering Department of the Manchester 
College of Science and Technology, res- 
ponded to the toast, and thanked the 
Chairman most heartily for his invitation 
to the Dinner 

Members and visitors alike unanimously 
agreed that this had been a most enjoyable 
and successful evening 

1.M.W 


Welding in Nuclear 
South London Engineering 


The last full meeting of the session was 
held on 16th April, when Mr. H. E. Dixon 


of Atomic Power Constructions Ltd 
presented some of his personal views on the 
metallurgical considerations in welding for 
nuclear power applications. Since the gen- 
eral applications of welding in this field had 
been covered recently in the Annual Lecture 
presented to the Institute by Sir Leonard 
Owen, Mr. Dixon intended to review only a 
few specific aspects 

For this purpose he dealt with the mater- 
ials, welding, and inspection of a hypo- 
thetical reactor requiring, say, a 60-70 ft 
dia. pressure vessel in 3-4 in. thick plate, 
and producing about 200-250 MW of 
electrical power 


In the selection of suitable materials the 
most important considerations were dimen- 
sional stability, notch ductility, and weld- 
ability, and these were closely tied to design 
and operating conditions. Resistance to 
creep was a vital feature, for there could be 
as many as 300 openings in a vessel for the 
connection of ducts, piping, and so on which 
demanded a high degree of stability 

Acceptable creep rates of 0-2°, in 100 
200 thousand hours had been quoted, but 
these were based on the extrapolation of the 
results of relatively short-term tests; there 
was a great need for long-term creep data 
Likewise, there was a need for similar in- 
formation on notch ductility, especially 
under the effects of irradiation, which could 
raise the transition temperature of steels by 
as much as 80°. Good notch toughness in 
the steels used for containment vessels was 
a prime factor in design, for no possibility 
of a disastrous brittle failure could be 
accepted, either in erection or during 
operation 

In regard to weldability the problems had 
increased because of the desire to raise 
operating pressures, and therefore greater 
thicknesses of plate had to be welded. In- 
creases in the working stresses by the use of 
alloy steels was no answer, for the welding 
problems then became more difficult. In 
most instances a 0-15/0-2°, C-1-0/1-5°, Mn 
steel was chosen, either aluminium or 
silicon killed. Preheat at about 100°-125°C 
was usually advisable and the electrodes 
used are preferably of the basic low-hydro- 
gen type to avoid the possibility of micro- 
fissures, which could not be detected on 
inspection 

Although all welding, both in the shops 
and at site, had to be carried out to a strict 
schedule it was generally found necessary to 
allow considerable tolerances in the welding 
procedure, so as to provide for the many 
variations in plate edge preparation and 
fit-up that were inevitable 

Forgings were often used for fittings and 
the like, and it had been found that electric 
furnace steel provided adequate weld- 
ability if the sulphur and phosphorus were 
kept slightly lower than in the plate material 
with manganese slightly higher. So that 
there should be good ductility in the welded 


joint most welding was done with 10, 8, 


and 6 s.w.g. electrodes: a typical butt weld 
in 34 in. plate, using two operators, could 
take up to 12 hours per foot to complete. 
It had not yet been found possible to use 
automatic welding to any extent on 
spherical vessels 





Mr. Dixon then reviewed some of the 
searching inspection procedures needed for 
these vessels. These covered normal mech- 
anical tests on the material, together with 
Charpy V-notch tests. An acceptable value 
was 25 ft.lb at —10°C. All plates were also 
examined ultrasonically for laminations 
There was careful control over plate edge 
preparation, so as to avoid distortion from 
poor fit-up. Electrodes were always dried 
before use, and there was constant testing 
of the welding operators 

With the present plate thicknesses of 
34 in. and over 400 kV X-ray equipment 
was working to its capacity and it was not 
easy to detect all serious faults. The use of 
cobalt-60 sources gave better results, but it 
was hoped that linear accelerators would be 
available for commercial use before thick- 
nesses became too great for X-ray exam- 
ination 

It was a requirement of the authorities 
that vessels should be stress relieved after 
welding to remove internal stresses. For 
these large vessels the best method was by 
the use of radiant heat inside the vessel, but 
this was not an easy matter 

Mr. Dixon also had some comments to 
make on the difficulties of proof testing, on 
which there was a good deal of discussion 
and argument at present. In the little time 
left at the end of his lecture he was able to 
touch upon only a few of the possible future 
trends in nuclear power design; the use of 
banded and reinforced vessels, and of 
laminated construction to avoid the need for 
thick plates; and improved methods of 
testing and inspection. He did not consider 
that there would be any major changes in 
the materials at present used 

The paper covered so much interesting 
ground that discussion had to be curtailed 
to give time for the Annual General Meeting 
that followed. Subjects ranged from effects 
of irradiation, and the types of defects that 
could be allowed, to the use of automatic 
welding for shop and site welding of seams. 
A vote of thanks to the speaker was propos- 
ed by Mr. Moore and was endorsed with 
acclamation 


BRITISH WELDING RESEARCH 
ASSOCIATION 


Translations from the Russian 


As announced recently in the Journal, the 
British Welding Research Association has 
undertaken a cover-to-cover translation in 
the scheme sponsored by the Department of 
Scientific and Industrial Research. The full 
contents of the periodical Avtomaticheskaya 
Svarka are being made available in English 
as Automatic Welding. The contents of the 
January and February issues were given last 
month in this section, but in future the titles 
will be listed with other periodicals in the 
section “Current Welding Literature”, 
where this month the contents of the March 
issue are given 

The January translation was made avail- 
able on Ist May, since the Russian version 
arrived in Britain only in mid-March; but 
the next two issues came within five weeks, 
so that some reduction in the gap between 
the dates of the Russian and English 
versions may perhaps be expected 

A second cover-to-cover translation, 
Welding Production, of the journal Svar- 
ochnoe Proizvodstvo will shortly be started 
by the Research Association, and this is also 
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sponsored by DSIR. Unlike the other 
journal, which comes from the Ukraine, 
this is published in Moscow by Mashgiz, 
important publishers of engineering books 
and periodicals 

The annual subscription is expected to be 
£5 Ss. for the twelve yearly issues. This 
journal is rather more concerned with 
industry and less with research than is 
4dutomatic Welding, and it should have a 
wide appeal. No date can yet be given for 
the publication of the first number, but it 
will probably be the Russian April issue. 


COURSES AND MEETINGS 
Welding for Teachers of Engineering 


The Manchester College of Science and 
Technology is organizing, from 20th to 24th 
July 1959, a Refresher Course in Welding 
for technical college teachers of engineering 
up to Higher National Certificate level. 

As well as two works visits, and an 

evening Brains Trust organized by the 
Manchester and District Branch of the 
Institute of Welding, there will be lectures 
by well known experts on the following 
subjects: 
Fusion welding processes; Resistance Weld- 
ing; Prefabrication and site assembly; 
Welding Metallurgy: Design of welded 
structures; Control of residual stresses; 
Design of welded connections subjected to 
fatigue loading; Design of welded connect- 
ions subjected to static loading; Inspection 
and testing. 

The organizing lecturer for the Course is 
Dr. F. Koenigsberger, from whom full 


particulars can be obtained at the Man- 
chester College of Science and Technology, 


Sackville Street, Manchester 1. 


International Exhibition of Welding Tech- 
nology 

In connection with the Annual Assembly 
of the International Institute of Welding, 
which is being held at Opatija, Yugoslavia, 
from 28th June to 4th July 1959, there is to 
be an International Exhibition of Welding 
Technology in Ljubljana, from 7th to 12th 
July. 

It is being organized by the Institute of 
Welding LRS, Ljubljana, under the spon- 
sorship of Franc LeskoSek, Vice-President 
of the Federal People’s Assembly of Yugo- 
slavia 

The aim of the Exhibition is to show 
mainly advances in the automization of 
welding and allied techniques. These are 
intended to embrace the welding of metals, 
metal spraying, welding of plastics adhes- 
ive bonding of metals. There will also be 
lectures on welding and allied processes, 
technical films, and exhibits of inter- 
national welding literature. 


NEWS FROM INDUSTRY 


Aluminium for Railway Rolling Stock 


Locomotive engineers paid a visit to the 
Research Laboratories of The British 
Aluminium Co. Ltd., at Gerrards Cross, on 
1Sth-16th April, with the particular object 
of seeing how aluminium alloys are being 
increasingly applied in the field of rail 
transport. 

Since railway coaches, wagons, and 
under-frames can be expected to receive 
many reversals of loading in operation, the 
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fatigue strengths of the alloys used, and the 
effects of welding on fatigue life, are prim- 
ary considerations. Visitors saw the great 
amount of testing and investigation that is 
in progress on this subject at the Labora- 
tories, and were given much information on 
the most suitable forms of welded joint. 
Tests are carried out not only on small butt 
and fillet welded specimens but by reson- 
ance techniques on larger built-up com- 
ponents—shafts, box sections, and the like. 
Butt welds in NP.5/6 plate give fatigue 
strengths (50 « 10°) cycles of about 45%, of 
the as-received unwelded material, but if the 
reinforcement is removed the strength 
increases to about 70°, or much the same 
as that of the unwelded annealed metal. 

Experience at British Aluminium, which 
is supported by complimentary work at the 
B.W.R.A. laboratories, indicates that the 
method of spot heating, developed by 
Professor Puchner, has a considerable in- 
fluence on the improvement of the fatigue 
life of certain built-up components. The 
technique is simple once the precise posi- 
tions of the spots have been determined, 
but much more work is needed before the 
method can be safely applied to more 
complex welded constructions. 

Great interest was shown in the various 
types of equipment available for welding the 
aluminium alloys, with special attention to 
the inert-gas processes. The tungsten arc is 
widely used for high-quality work on sheet, 
whilst the consumable electrode metal-arc 
process is generally used for the thicker 
materials. However, the Research Labora- 
tories have been experimenting with the use 
of smaller wires so as to be able to weld the 
thinner materials by this process. A proto- 
type gun was demonstrated as well as a 
commercial American model which is now 
being marketed in Britain (the Rowen-Arc; 
see BWJ, May, p. 242). 

Although much of the welding of alumin- 
ium alloys is done manually, greater 
lengths of joint call for some degree of 
mechanization. This is being met by the 
development of automatic and semi-auto- 
matic equipment, based on the inert-gas 
process, some of which was shown and 
demonstrated. Much of the information on 
the inert-gas welding process available to 
the locomotive engineers at this visit is in- 
cluded in a booklet “Self-adjusting arc 
welding of aluminium and its alloys” (L.8), 
which has just been published by The 
British Aluminium Company Ltd. 


NEW EQUIPMENT 
Bench Model Spot Welder 


Triangle Products Ltd. are now market- 
ing at a competitive price a 7-5 kVA pre- 
cision spot welder for general purpose weld- 
ing. The machine incorporates a built-in 
electronic timer with infinitely variable ad- 
justment from 5 to 75 cycles, and with a 
‘free-time’ position for special conditions. 
When the preliminary setting is satis- 
factorily determined the welding cycle is 
then automatic. 

Foil in mild steel or stainless steel as thin 
as 0-003 in. or sheet up to 16 s.w.g. can be 
welded on a continuous production basis. 
A throat of 6j in. is standard but alternative 
arms for a 12} in. reach are available. 


Gas Torch for High-Temperature Welding 
A gas/air torch providing a small diam- 
eter, highly concentrated flame, ideal for 





294 


precision welding of aluminium, silver 
soldering of copper, and for brazing, has 
been introduced by Sunvic Controls Ltd. 
The torch uses coal gas at normal mains 
pressure. A preheater raises the tempera- 
ture of the gas and the primary air to 750°C. 
before they reach the mixing chamber. With 
this method the flame cannot be extinguished 
even when the torch is played into an inert 
atmosphere. The inner portion of the flame 
has a temperature greater than 2000°C. and 
is about 4-5 cm long. 

When the torch is used for silver solder- 
ing of stainless steel there is a noticeable 
reduction in distortion. It has been applied 
successfully to the soldering and brazing of 
high magnesium alloys and for the auto- 
genous welding of brass, aluminium and 
alaminium-magnesium alloys 


Twin Fillet Welding 


The Esab A6.DK automatic arc-welding 
machine is now available in Britain through 
Welding Supplies Ltd. It has been de- 
veloped specifically to provide a relatively 
light-weight twin fillet welding machine for 
operation in shipyards. 

The complete unit, without the wire and 
flux, weighs just under 3 cwt. Twin welding 
heads operating a submerged-are process 
are mounted on a carriage that straddles the 
work ; they can deposit fillets on both sides 
of a vertical plate at speeds up to 24 in./min 


Diesel Generator of New Design 


A new welding power source, called the 
Rockweld Type PBB.375 diesel welder, has 
been introduced by Rockweld Ltd. The 
engine is the latest Petters 4-cylinder air- 
cooled unit running at 3000 r.p.m. and 
equipped with electric starting as a standard 
feature. The generator, which is close- 
coupled to the engine, has a simple field 
system and coil arrangement. Current con- 
trol is stepless and is provided by a single 
graduated hand wheel 

The current range is from 35 to a maxi- 
raum of 375 amp at 25/40 arc volts, with an 
open circuit voltage of 65/70. The maximum 
continuous manual welding current is rated 
at 325 amp (BS.638) and under the NEMA 
specification the set has a rating at 40 V of 
300 amp at 60°, duty cycle, and 375 amp at 
35%, duty cycle 

The set can be supplied for road towing 
or for hand towing 


Electro-Slag Welding 


The O.K. Organization, whose British 
representatives are Welding Supplies Ltd., 
have secured rights to manufacture and 
market the equipment for electro-slag weld- 
ing, as developed at the Paton Institute of 
Electric Welding in Kiev, Russia. 

Two sizes of machines will be made. One 
is capable of welding materials from 2} to 
24 in. thick and the other is designed to deal 
with thicknesses between 1} and 4 in. These 
should cover most of the needs for welding 
pressure vessels and steel castings in the 
shipbuilding and heavy machine industries 


Tray Loading Ovens 


A new comprehensive range of gas-fired 
tray loading industrial ovens, with a choice 
of either vertical or horizontal forced air 
circulation, or natural convection, and of 
direct or indirect firing, has been introduced 
by Barlow-Whitney Ltd. 

Standard sizes range from 8 to 72 cu-ft 
capacity, and automatic temperature con- 
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trol is a standard feature. All units in- 
corporate the latest safety features. 


STUB ENDS 


> At the 2nd Annual General Meeting of 
The Pipeline Industries Guild, held in 
London on 14th April, Mr. C. C. Bates was 
elected Chairman of Council, with Captain 
J. W. Esmonde as Deputy Chairman, and 
Mr. W. E. Medhurst as Honorary Sec- 
retary. The founder of the Guild, Mr. J. W. 
Jones, was elected an Honorary Life 
Member. 


> Students of the Department of Metallurgy 
of Sheffield University visited the Crawley 
Works of The A.P.V. Company Ltd. on 
9th April, to see the Company's work on 
the fabrication of stainless steel, alumin- 
ium, and other corrosion-resistant metals. 


> Perdeck Solder Products Ltd. have pro- 
duced a high-capillary action soldering 
fluid ““‘Weem No. 130”, which has a faster 
rate of spread than the solder, making it 
particularly suitable for mechanized solder- 
ing processes. 


> The Fall Meeting of the American Weld- 
ing Society is to be held in Detroit from 
28th September to Ist October 1959. Six- 
teen sessions will be held and a total of 48 
technical papers will be presented. 


>A brief description of the plasma-jet 
torch, developed at A.R.D.E. of the Min- 
istry of Supply, is given in the first number 
of a new periodical “Journal of the Less 
Common Metals” 


> The Council for Scientific and Industrial 
Research announces that in future the 
Mechanical Engineering Research Labor- 
atory at East Kilbride, Glasgow, will be 
known as the National Engineering Lab- 
oratory. The work of the Laboratory will 
continue to be concerned with problems of 
mechanical engineering 


>» Among recent brochures issued by 
Kodak Ltd. is one on Photography in 
Industry and Commerce, which graphically 
illustrates the important part played by the 
camera in modern research and technology 
as well as in the field of advertising. Another 
brochure describes the properties and 
applications of new Kodak negative 
materials suitable for industrial photo- 
graphy. 

> Weldcraft Ltd., who recently joined the 
G. D. Peters group of companies, have 
moved from Croydon to Windsor Works, 
Slough, Bucks. (Tel.: Slough 23201). With 
the extensive range of G. D. Peters electric 
welding equipment added to their own gas 
welding and cutting lines, Weldcraft state 
that they are now able to supply “every- 
thing for welding”. 


> Mr. D. A. Senior, M.A., A.M.1L.E.E., has 
been appointed to the newly created post of 
Scientific Attaché to the British Embassy in 
Moscow. He will advise the British Am- 
bassador (Sir Patrick Reilly) on scientific 
matters and report on Soviet scientific and 
technical development in the civil field. Mr. 
Senior will hold the rank of Senior Principal 
Scientific Officer, and will be on the staff of 
the Department of Scientific and Industrial 
Research. 


> An agreement has been reached between 
Harris Calorific Company of Cleveland, 
Ohio, and British Industrial Gases Ltd., 
whereby the British Company is allowed to 


produce and distribute equipment of their 
design to the world market, excluding 
Australia, South Africa, and Canada. The 
first Agent is being appointed in Norway at 
A/S Sveiseinustri, Bentsebrugt, 15, Oslo. 

> “Leading the World” is the title of a book 
recently issued by The British Electrical and 
Allied Manufacturers’ Association. It re- 
cords the prominent part that the British 
electrical and allied industries played in the 
British Industry Pavilion at Brussels and in 
the British Section at the ‘Atoms for Peace’ 
Exhibition in Geneva. This follows the more 
comprehensive story of British achievements 
illustrated in the book “‘Serving the World”, 
which was published for the 1958 Brussels 
Exhibition. 





APPOINTMENTS 


Situations Vacant 

Welding Engineer required for Sheet Stee! 
and Structural Steel Fabrications for body- 
work on Commercial Vehicles. Higher Nat- 
ional Certificate standard in Mechanical, 
Electrical, or Production Engineering is 
necessary. Applicants who have the ability to 
improve production methods, introduce jigs 
and fixtures and who are able to make Time 
Studies will be preferred. 

Applications should be in writing, giving 
full details of age, education, qualifications, 
and experience, to the Works Manager, 
Telehoist Limited, Manor Road, Chelten- 
ham, Glos 


METROPOLITAN-VICKERS 
ELECTRICAL CO. LTD. 
Welding Engineers 


Excellent opportunities are available for keen 
and enthusiastic men with progressive ideas 
to fill permanent posts in the Company's 
expanding Welding Engineering Department 

In this Department the work is associated 
with Welding Machine and Welding Proces- 
ses, Development and Application Problems, 
and it would be an advantage to candidates if 
they have experience in the design or appli- 
cation of welding equipment and processes 
or in the design of pneumatic and hydraulic 
control equipment 

A degree in Engineering is required, but 
qualified engineers with the Higher National 
in Electrical Engineering who have specialized 
experience will be favourably considered. 


Traming 

Training will be given to suitable, qualified 

applicants, who may not yet have the 

necessary experience but who are interested 

in welding engineering problems 
Applications, quoting reference C.13 

should be sent to 


Personnel Manager 
Metropolitan-Vickers Electrical Company 
Ltd 


Trafford Park, Manchester 17. 


The cost of insertions in this column is 
3s. 6d. a line, or 30s. per inch depth semi- 
display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies shculd be addressed 
to Box. —, Institute of Welding, 54 Princes 
Gate, London, S.W.7. 


All other matters relating to advertisements 
for this section of the News should be 
addressed to the Executive Editor, 6 Ridge 
End, Hook Hill Lane, Woking, Surrey 
(Tel. Woking 2981). 


Copy should be sent by 6th of each month for 
publication in the following month. 














Current 


WELDING LITERATURE 


(eH as, 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 
This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Automatic Welding (U.S.S.R. 
B.W.R.A.), 1959, March 
A new welding process, consumable-nozzle electro-slag welding, 


G. Z. Voloshkevich, D. A. Dudko, V.V. Chernykh and L. P. 
Eregin 

The manufacture of large diameter vessels from thick plate by 
the elastic deformation method, G. V. Raevskii 


Investigation of the heat resistance of austenitic-ferritic de- 
posited metal Kh1I9N12M2F, V. M. Zemzin, E. M. Pivnik and 
N. A. Eroshkin 

Consumable-nozzle electro-slag welding, G. Z. Voloshkevich 
and V. M. Khrundzhe 

The gas permeability of welding slags in the electro-slag pro- 
cess, Yu. V. Latash, B. I. Medovar 

Added electro-slag metal improves the chemical uniformity of 
steel castings, G. S. Tyagun-Belous 

Spectrographic determination of carbon and phosphorus in steel 
and weld metal, E. S. Kudelya 

The production of a carbon film for electron microscopy, G. F. 
Darovskii and Yu. B. Malevskii 

~ iy ge analysis of welds in aluminium-magnesium 
alloys, A. S. Demyanchuk and D. P. Ryabushko 

= current affects porosity in submerged-arc welds made 
with fluxes of different moisture contents, L. S. Sapiro 
Fusing an automatic welding flux in a type DS-0-5 
furnace, E. 1. Leinachuk 


Automatic voltage regulator for obtaining stable volt-ampere 
characteristics for arc welding equipment, V. M. Timofeev and 
L. S. Surikov 


Canadian Welder, 1959, vol. 50, February 


Welding for the nuclear power industry (8—10) 
Multi-arc welding from a single power source (12-13) 
Bridge railings repair, G. P. Lynam (18-19) 


translated by the 


electric 


age 
any, rea sera, 
Me. 


Journal of the Japan Welding Society, 1959, vol. 2 
January 
Welding of plastics, part 1, 1. Onishi and H. Kimura (4-10) 
Developments of steel filler wires for CO, shielded arc welding 
of low carbon and low alloy steels (11-15) 
A study of welding variables of the MIG arc method, A. 
Uchida (16-21) 
Studies of non-metallic inclusions in basic weld metal, part 4, 
H. Sakaki (22-24) 
Welding conditions of steels and cooling time near the fusion 
line, part 2, M. Inagaki (25—31), part 3 (32-38) 


On the CO,—Sekiguchi’s filler wire arc-welding process 
part 9, H. Sekiguchi, I. Masumoto, T. Okada (39-44), part part 10, 
H. Sekiguchi and I. Masumoto (45-50) 


Weldability of steel coated with various paints, T. Yoshida, 
W. Matsunaga, F. Kanatani and Y. Ono (51-56) 


Przeglad Spawalnictwa (Poland), 1959, No. 2 
Fatigue strength of flame-cut elements, T. Robakowski 


Oxy-acetylene cleaning of laminated products prior to spot 
welding, T. Kowalski 


Przeglad Spawalnictwa (Poland), 1959, No. 3 
Tasks of the Institute of Welding in Gliwica in 1959-1965, 
B. Szupp 
Problems of Polish Shipbuilding industry concerning weldable 
hull steels, S. Butnicki 
On Mohr’s strength hypothesis, T. Pelczynski 
Schweissen und Schneiden (Germany), 1959, 
March 
Influence of welding on stiffness and damping of welded con- 
structional elements, F. Eisele and H. Drumm (75-83) 
Internal stresses, distortions and dimensional accuracy in weld- 
ing, H. G. Kunz (84-92) 


Influence of flame-cutting on fatigue strength, H. D. Steffens 
(93-97) 


vol. 11, 


Varilna Technika (Y ugoslavia), 1958, No. 3-4 


Tests of intergranular and atmospheric corrosion on the un- 
stabilized, inoxidizable and welded steel plate 18/8 with 
0-085 °C (41-44) 

Welding in the Soviet Union, N. N. Rykalin (45-50) 

The adhesion of metals, D. Uran (50-52) 

Modern arc welding of cast iron, J. Babnik (54-57) 


Gas-shielded tungsten arc cutting of aluminium, S. Cernetic 
(58-60) 
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Welding Engineer (U.S.A.), 1959, vol. 44, March 


Filler metals for joining, O. T. Barnett (36-37) 

Submerged-arc welding reclaims blooming mill rolls, J. J. 
Matusek (38-40) 

Tubular construction takes hold in Germany (46-48) 

Welding costs are high—here is why, B. Ronay (52, 54) 


Welding Journal (U.S.A.), 1959, vol. 38, March 


Welder-qualification requirements for pipe-line welders, 
R. R. Wright and R. S. Ryan (209-214) 

Corrosion tests on metallized coatings (214-221) 

Plastic design in welded structures promises new economy and 
safety, C. D. Jensen (222-231) 

Predicting gap change reduces trial runs in brazing dissimilar 
joints, D. C. Herrschaft (232-235) 

How to weld copper to stainless steel and mild steel, H. B. Bott 
(236-238) 

Four thousand pound castings salvaged by compressed air-arc 
cutting, M. G. Boyer (239-240) 

Welded atomic-power plant boiler containers are sealed in a 
vault, C. W. Lytton (241-242) 

Welded cantilever wedge beams, W. J. Krefeld, D. J. Nutler 
and G. B. Anderson (97s—112s) 

Effect of zinc coatings on resistance seam welding of sheet 
steel, C. W. Volek and M. L. Begeman (113s-—121s) 
High-tempera@$re brazing alloy-base metal wetting reactions, 
W. Feduska (122s—121s) 

Aluminium welding using the inert-plus-nitrogen-gas metal-arc 
process, G. Allen (132s-—141s) 

Effects of martensite, bainite and residual stresses on fatigue of 
welds, R. E. Keith (142s-143s) 


Welding Production (U.S.S.R.), 1959, No. 3 


Production of pipes for gas and oil main pipelines, R. | 
Lashkevitch (4-6) 

CO, welding of low carbon steel pipe rotary joints, A. I. Akulov 
and others (6-7) 


Assembly-welding installation for gas pipeline section welding 
under field conditions, D. A. Dudko and others (7-8) 

New electrodes and fluxes for welding of gas and oil main 
pipelines, A. G. Mazel (10-11) 

Some means for raising welding output and quality in gas main 
pipeline construction, K. I. Kaitsev (8-10) 

Prevention of formation of slag inclusions in the annular weld 
root in automatically welded gas pipeline joints, L. A. Kopel- 
man (11) 

Effect of impurities on the development of hot cracks in fused- 
on metal, M. V. Pridantsev and A. S. Astafiev (18-22) 

Effect of pitch on fatigue strength of spot welds, M. A. Elya- 
sheva (22-23) 


Welding Research 


March 


Arc welding with deep penetration electrodes. Part 4: Effects 
of electrical factors on penetration and its uniformity. Sound- 
ness and mechanical properties of weld metal, A. Gaubert 
(42-48). (Translated and abstracted from Soudage et Tech- 
niques Connexes, 12, 249-262 by Dr. G. E. Claussen) 


Abroad (U.S.A.), 1959, vol. 5 


Zvaranie (Czechoslovakia), 1959, No. 2 


Capillary soldering of metals and its elementary requirements, 
V. Ruza (34-40) 


Automation of non-rotating power sources for welding in argon 
shielded atmospheres, P. Zuffa (41-44) 


Welding of aluminium connecting bands by the welding Auto- 
mat VUS-arc 350, J. Novotny (44-47) 


Cracking in low alloy steel welding, R. Rohan (48-51) 
Flash welding of the aluminium alloy AK-6, M. Lipa (52-54) 
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Zvaranie (Czechoslovakia), 1959, No. 3 


Development in the production of filler materials for car 
welding in Vamberk during the last twenty years, A. Kleander 
(65-70) 

Electrodes and the development of welded structures, F. Faltus 
(71-73) 

Problems in stainless steel welding regarding intercrystalline 
corrosion, J. Nemec (74-78) 

Effect of the chemical composition of weld metal on the quality 
and the mechanical properties of electrodes of the type 25°, Cr, 
20°, Ni, J. Vidrma (85-88) 


Other Journals 


How to design and check bends in welded steel tubing (The /Jron 
Age (U.S.A.), 1959 vol. 183, February 26, pp. 85-88) 

Short arc pinpoints heat for welding sheet metal (The Jron Age 
(U.S.A.), 1959, vol. 183, February 26, pp. 90-92) 

Three new low-hydrogen iron-powder electrodes, D. C. Smith 
and W. G. Rinehart (Metal Progress (U.S.A.), 1959, vol. 75, 
February, pp. 102-107) 

You can do more with CO, welding, (Metal Progress (U.S.A.), 
1959, vol. 75, February, pp. 110-114, 170, 172, 176, 178) 
Inert-gas metal-arc welding for aluminium sheet and strip, 
J. E. Tomlinson (Light Metals), 1959, vol. 22, March, pp. 73- 
76) 

High-frequency resistance welded tubes (Light Metals, 1959, 
vol. 22, March, pp. 94-95) 

Welding and forming in Russia, A. B. Tesmen ( Metal Progress 
(U.S.A.), 1959, vol. 75, January, pp. 79-83) 

Resistance welded tube joints in heat exchangers, J. J. Mueller 
(Metal Progress (U.S.A.), 1959, vol. 74, December, pp. 106- 
111) 

Fabricating high-strength superalloys, H. E. 
Industry, 1959, vol. 94, 
pp. 229-232) 

Welded aluminium tube ( Vetal Industry, 1959, vol. 94, 13 March, 
pp. 210-211) 

Metal powder electrodes and their development, A. J. Girouard 
(Machine Production (Canada), 1959, vol. 18, February, 
pp. 17-20, 22, 51-2) 

The contribution of brazing in light engineering: design and 
process selection, E. V. Beatson (Sheet Metal Industries, 1959, 
vol. 36, March, pp. 191-200) 

New composite tubing fights corrosion, J. B. Ulam (The J/ron 
Age (U.S.A.), 1959, vol. 183, February 19, pp. 123-125) 


Haley (Metal 
13 March, pp. 203-206; 20 March, 


ADDITIONS TO THE LIBRARY 
TRADE CATALOGUES 


Vallory Resistance welding. November 1956. Johnson, Matthey 
& Co. Limited, 73-83 Hatton Gardens, London, E.C.1. 

Arc welding plants by Philips. Philips Electrical Ltd., Century 
House, Shaftesbury Avenue, London, W.C.2. 

Bonderizing bonds paint to metal surfaces. The Pyrene Co. Ltd., 
Metal Finishing Division, Great West Road, Brentford, 
Middlesex. 

Kodak “Industrex” high intensity illuminator. A mobile dark- 
room for photographers and radiologists. Kodak Limited, 
Kingsway, London, W.C.2. 

Stud welding equipment. Crompton Parkinson (Stud Welding) 
Limited, 1-3 Brixton Road, London, S.W.9. 

Unimer tubular buildings for agriculture and industry. United 
Merchants Ltd., 418-422 Strand, London, W.C.2. 

Priced catalogue of welding plant. C. G. & W. Young, 15a Colne 
Road, Twickenham, Middlesex. 

Bulk CO,. CO, arc welding. Liquid carbon dioxide. The Distillers 
Company Limited, Piccadilly, London, W.1. 

Haynes Alloys hard-facing materials data. Union Carbide and 
Carbon Corporation. 

Standard stock range of quality steels and specifications. “* Usa- 
link” hot rolled carbon-manganese steel bars (as-rolled). 
Usalink “5” (En 5A). Macready’s Metal Co. Ltd., Pentonville 
Road, London, W.1. 





The “All-rounder!”’ 


Norton BD Reinforced Wheels will do a multitude of jobs in the metal fabricating shop. 
Cleaning up and bevelling, cutting down and smoothing weld beads, slotting and 

cutting off, roughing and finishing—you can do it all quickly, cleanly, safely and 
economically with a Norton BD wheel. 

Because it cuts fast an sanly without spalling or loading the Norton BD wheel gets 
through the work m y. Because it has double reinforcement, provided by a 

strong, integral fab ugh safety 

web moulded into tl . you can 

work fast with safe ' of all this 7 NORTON BDA & 8D 
a Norton BD Reinforced Wheel lasts REINFORCED WHEELS FOR 
so well that you get the maximum 

work from each wheel SPEED, SAFETY AND 
The Norton BD Reinforced Wheel has VERSATILITY 
very real advantages for both 

operators and management 

advantages of more work for less 

effort and less cost. Test it in 

your own factory—easily done 

by speaking to your Norton or 

Alfred Herbert Representative, 

or by writing direct to us 


NORTON GRINDING WHEEL CO. LTD. SET SOD RUDY ass 


Telephone: WELWYN GARDEN 3484 (15 lines) 


Enquiries also to: ALFRED HERBERT LTD., COVENTRY 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


wow! eo/ 136 
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SWEDISH 


ELECTRIC WELDING CO. LTD 





FIRST CLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH eEcectric wetoine co. trp 
Head Office: WOOD WHARF - GREENWICH « LONDON SE10 
Telephone: GREenwich 2024-5 Cc 0 LO UR 


Phone, Call or write us NOW for immediate service 


LONDO N P GLASG OW - LEITH BROCHURE THIS DESCRIPTIVE COLOUR 


BROCHURE SENT FREE ON 


NEWCASTLE - LIVERPOOL REQUEST 


Welded 
PRESSURE & 
VACUUM VESSELS 


in Stainless Steel, Mild Steel, 
Aluminium, Titanium 


BUTTERFIELD craftsmen carry out 
welding with the latest 

and most up-to-date equipment, 
and at all stages of fabrication 

it is supervised by experts 

to any of the recognised codes. 
This includes the highest 
specification demanded by 

Nuclear Energy Establishments 


IMustrated: 2 tons capacity 

Liquid Oxygen Storage Tank. Inner Vessel 4” x4" thick 
18/8 Ti Stainless Steel; jacket #” x4" thick Mild Steel 
Jacket space fitted with Expanded Perlite. Inner vessel 
tested 100 p.s.i. Jacket tested 30 p.s.i. for -01 mm. Hg 
working vacuum. The illustration shows the vessel set 
up for vacuum tests for Air Products (G.B.) Limited for the 
Admiralty 


W. P. Butterfield Ltd., P.O. Box 38, Shipley, Yorks. Tel. 52244 (8 lines) London and Branches 
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ORIGINAL -_ 
Head Office 
and Factory 
Feltham - Middx 


HISTORY OF “EUTECTIC LOW 
TEMPERATURE WELDING ALLOYS” 


S Surface alloying at low heat was first discovered by 
Eutectic” in 1904-used today in over 100,000 
; plants. “Eutectic” is the originator and sole manu- 
fee facturer of “Eutectic Low Temperature Weldin 
Alloys” for bonding metals at low heat, minimizing 
distortion, warping and stress 


“LOW HEAT INPUT” INCREASES 
PRODUCTION JOINING 500% 


Excessive and costly rejects in fusion-joining three copper pipes 
to a machined bronze casting led a manufacturer of heating equip- 
ment to investigate the savings possible with modern fabricating 
techniques. 


A high melting silicon bronze rod was used, with three fusion 
welds, to obtain suitable density, strength and corrosion resistance. 
Top welders did the work to overcome the problems of distortion, 
warping and keeping the pipes parallel. 


The manufacturer was satisfied (Photo A) until Eutectic’s 
Technical Representative recommended EutecRod | 801, a thin flowing 
high silver alloy, used together with Eutector Flux 1801. 


The three tubes were pre-fluxed with Eutector Flux 1801 and 
set up simultaneously. A large torch tip with a broad flame was 
used to heat the work and when the flux liquified, EutecRod 180! 
was fed into the joint. Continuous motion of the torch, and the 
superior capillarity of the alloy, prevented localised overheating and 
distortion, allowing uniform fillets to form around the entire 
circumference of each tube (Photo B). 


Due to the extreme ease of application of EutecRod 1801, perfect 
joints were produced. Filler alloy was reduced by 56 grammes to the 
6.2 grammes of EutecRod 180! required by the three joints. The joints 
showed superior strength, corrosion resistance and “eye appeal”. 
EutecRod 1801 reduced working temperature by at least 300°C, and 
rejects were diminished. 


EutecRod 1801, a thin flowing 
high silver content alloy with 
medium plastic range, is one of 
the lowest melting but strong- 
est of all silver bearing alloys, 
with an ultimate tensilestrength 
of 40 tons sq. in. Joints are duc- 
tile, and leakproof, offering 
exceptionally good corrosion 
resistance and electrical con- 
ducting properties. 


EutecRod 1801: Available in sizes 
tc", &” dia., and strips to order 
from .020 x 3,” to .003 x I”. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE 
NEW YORK + LAUSANNE « 


FELTHAM 
FRANKFURT (M) + PARIS 


MIDDX - Phone: FELtham 6571 
MONTREAL + SAO PAULO + MEXICO 


EUTECTIC WELDING ALLOYS CO. La RATED, 
NORTH FELTHAM TRADING ESTATE - FELTHAM -: MIDDX 
A completely revised 100 page Welding Data Book for 
1959. Thousands of welding users keep this handy book with- 
in easy reach—every page is crammed with practical, 
valuable information—so much so that many call it the 


welder’s “Bible” 


And it’s yours free 


Please send me further 
details of EutecRod /80/. L 


from *EUTECTIC”’ 


Eutectic’s Welding Data Book 


Please send your Technical Representative 
Recall for free consultation/demonstration. 
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Please send my free copy of | 


FELTHAM 
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RESISTANCE WELDING MACHINES 
SERVING 


THE 
NUCLEAR] POWER, AIRCRAFT AND ENGINEERING 
INDUSTRIES 


IF YOU REQUIRE RESISTANCE WELDING PLANT 


CONSULT 


MERITUS 
FIRST 
CONTRACT WELDING UNDERTAKEN 


Write for details: 


MERITUS (BARNET) LTD. 


BARNET, HERTS. 


TELEPHONE: BARNET 2291/2 


Meritus Pedestal Type Gold Medal and Bronze Medal. Brussels World Exhibition 1958. 
Spot Welding Machine The Engineering Centre Collective Exhibit. 




















30 FT 
HEAVY STEEL ROLLS 


CAPACITY AVAILABLE 


Steel plates rolled any segme:.t up to 


half cylinder, max. lengths, 30 ft in plate up to 1} in. thick. 
Cones and frustums developed and fabricated. 


We offer in approved grades of Stainless Steel Formed plates supplied prepared for welding or 
completely welded. 
* FLANGES MACHINED TO B.S. TABLES 


GR SO GPBCIAL, SEES Any type of fabrication undertaken steel or alloy, 


¥* SOLID DRAWN TUBES—-FABRICATED PIPES bar furnacing, bending, bevelling, electric welding, 

* ROUND and HEXAGON BAR plate pickling, etc. 

* PROFILES CUT TO ANY THICKNESS 
OR SIZE 

¥* CASTINGS TO CUSTOMERS’ SPECIFICATION Keen prices, prompt deliveries. 


Marine structures up to 160 ft in length. 


Keen Prices—Prompt Delivery 


W. A. PHILLIPS, ANDERSON & CO. LTD. 


Send enquiries to Dept. B.W.J. 
STAINLESS STEEL PROFILE CUTTERS LTD. | | WEST HARBOUR ROAD, GRANTON 


Farfac Works, Kings Grove, MAIDENHEAD EDINBURGH 5 
Telephone: 1522/23 
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Approaching 
fully automated welding 


300 SUB-ASSEMBLIES PER HOUR 


Progress towards full automation in the motor industry 1s taken 
an important stage further by this latest advance in multi-head welding. 


This table top machine at Briggs Motor Bodies Limited, Dagenham, making 24 
simultaneous spot welds on a luggage boot door permits an entirely automatic sequence 
and can complete up to 300 sub-assemblies per hour for the new Ford ‘ Graces’ 


METROPOLITAN -VICKERS 


An A.E.1. Company 


METROVICK Equipment for More Efficient Welding 





JUNE, 1959 
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Designed 
to measure 
short pulses 

of heavy 

current 





standard instrument 
readings x00 to 


are obtained | ywoids which 


split and placed ind the heavy current 


tor Indication is stored enabling readings 
taken minute weld is made 
be used with welders employing synchronous 


” \ hronor vd rgv storage controls 
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HIRST ELECTRONIC LTD. 
GATWICK ROAD, CRAWLEY, SUSSEX 
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MORRISON WELDING SETS 


Just as Morrison Generating Plants are to be found 
providing reliable power all over the World, 
so are Morrison Welding sets to be found everywhere. 


Aiding in the construction of everything from a 


Dam to a Drain, this equipment has repeatedly justified 


the faith that is placed in it both at home and abroad. 


> me 


A.C. Morrison (Engineers) Ltd. 


TOWN QUAY, SOUTHAMPTON Telephone 


Generating Sets 
Power Rectifiers 


Southampton 27362 


Control Cubicles and Switchboards 
Welding Equipment, et 


AN ASSOCIATED BRITISH ENGINEERING COMPANY 
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Solve your 
production problems 


with Philips AUTOMATIC CO, bare wire 


welding process is now available for 
Db i Li RS immediate delivery in Britain. 
With this machine you can speed up 
bare wire mass production of welded parts, 
for example main chassis members, 
CO Id ° h ° bottled gas cylinders, car wheels. 
2 we ing macnine And you can get welds protected from 
== nitrogen and hydrogen by an 
atmosphere of CO, — which costs 
only a fraction of the price of 
argon. The absence of coating reduces 
the absorption of hydrogen, too. 


Welds very wide range of steel grades. 
Needs no stocks of expensive powders. 
Cuts labour costs by welding faster, 
requiring little attention in repeat 
operations. 

Welds are homogeneous 

with deep and even penetration. 

Arc is self-regulating . 

Nitrogen and hydrogen content low 
— no nitrogen porosity. 


Philips Automatic CO, 
welding machine 


provides automatic wire and CO, feeds 
Travelling carriage moves along rails 
at speed set by operator. Water-cooled 
nozzle independent of main water 
supplies. Single control lever engages 
wire feed, switches on carriage 

motor and arc. 


Component parts and finished vehicle 
chassis side member welded by Philips 
CO, proces. (Photo by courtesy of John ; 
Thompson Motor Pressings Ltd.) CO, welding, and about Philips 


For further information about Philips 


Automatic welding machine (a product 
of N.V. Philips, Eindhoven) write to: 


puiips| PHILIPS ELECTRICAL LTD 


INDUSTRIAL EQUIPMENT DIVISION 
C Century House, Shaftesbury Avenue, London WC2. GERrard 7777 


———— 
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Always ask for 


“ALDA"” 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 


the famous range ot rods 


ALDA. 


— 
>. 


_— ay : So 
o; Da 
ALD igs 


ie and fluxes. And a complete range 
of welding accessories— 
from goggles and gloves 
to friction lighters and wire brushes 
—_—_ > 
So ALWAYS ASK FOR 
4"— 


Write for tully illustrated literatu: 


| MELOmnG Fuut 


BRITISH OXYGEN 


British Oxygen Gases Ltd., Industrial Division, Spencer House, 27 St James's Place, London, S.W.1. 
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